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(57) Abstract 

In multifocal corneal contact lenses, the lenses of each pair (4a, 4b) have a different geometric configuration and/or dis- 
tribution of focal zones (4c, 4d, 4e, 4f, 4g, 4h). The zones (4c, 4d, 4e, 4f, 4g, 4h) are distributed to provide vision corrections of 
different kinds for the two eyes of a patient under different illumination conditions. In monovision type corneal contact lenses, 
one or bothlenses (44a, 44b) is provided with one or more auxiliary correction zones (44e, 44h) each having a focal length differ- 
ent from the focal length of the major portion of the respective lenses. In any lens in accordance with the invention, the portion of 
the principal correction zones coextensive with the pupil of the respective eye covers more than approximately two-thirds (more 
preferably seventy-five percent and most preferably eighty percent) of the area of the pupil. This upper limit on the pupil area 
covered by the auxiliary zones is satisfied regardless of the disposition of the respective contact lens n the eye and regardless f 
the size of the respective pupil. 
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CORNEAIj CTMT&rT Tr™&F* 
background of the Invention 

This invention relates to corneal contact lenses and 
more particularly to multifocal and monovision type corneal 
contact lenses. 

Multifocal and monovision type contact lenses are 
both designed to correct or compensate for a condition of 
advancing age known as "presbyopia." In a presbyopic eye, 
ability to focus at near distances, such as the normal reading 
distance, and in some cases at great distances is diminished. 
The loss of focusing capability is due to hardening of the 
eye's natural crystalline lens material. 

Generally, multifocal contact lenses (usually either 
bifocal, trifocal or aspheric) are concentric or segmented in 
configuration. In a conventional bifocal contact lens of the 
concentric type, a first, centrally located, circular correc- 
tion zone constitutes either distant or near vision correc- 
tion, while a second annular correction zone surrounding the 
first zone provides the corresponding near or distance vision 
correction, respectively. In a conventional bifocal contact 
lens of the segmented type, the lens is divided into two some- 
what D-shaped zones. Usually the upper area is for distant 
vision correction, whereas the lower area is for near vision 
correction. Such conventional segmented contact lenses 
require some sort of shifting of the lens relative to the eye 
to achieve acceptable visual acuity for both distant and near 
vision. 

A trifocal contact lens has a third correction zone 
whose focal length is between the focal lengths of the distant 
vision and the near vision zones. The third correction zone 
may be termed a middle, or intermediate, distance correction 
zone. 

Because of the multiplicity of foci, conventional 
multifocal contact lenses often produce a perceived image 
which is blurred. Such a situation worsens as illumination 
decreases, such as during night driving. With reduced illumi- 
nation, the pupil enlarges in diameter, and consequently more 
light simultaneously enters the eye through both the distant 
vision correction zone and the near vision correction zone. 
This overlapping imagery increases the blur within the eye and 
reduces acuity and contrast of vision. The user's brain is 
usually not capable f ignoring the blurry portion of the 


&109336A1J > 


WO 91/09336 


i 

PCT/US90/07229 


- 2 - 

image in favor of the focused portion. 

An alternative type of contact lens for correcting 
presbyopia is the monovision lens. A monovision lens is 
designed to focus only near objects or far objects on the 
retina. Thus, a patient provided with a distant vision con- 
tact lens for one eye (usually the dominant eye) and a near 
vision contact lens for the other eye uses the one eye to dis- 
tinguish objects at a distance (for example, while driving) 
and the other eye for near vision (for example, reading) . 
Although patients using monovision contact lenses are not 
seeing stereoscopically, typically visual tasks can be better 
performed with monovision lenses than with bifocal contact 
lenses. In addition, monovision lenses have a 75% success 
rate, much higher than the 25-35% success rate of conventional 
bifocal contact lenses. Despite the superior performance of 
monovision type contact lenses, they suffer from the disad- 
vantage that the consuming public finds the loss of stereo- 
scopic vision to be undesirable. 
Objects of the Invention 

An object of the present invention is to provide 
improved contact lenses for the correction of presbyopia. 

Another object of the present invention is to pro- 
vide improved pairs of multifocal corneal contact lenses. 

Another, more particular, object of the present 
invention is to provide multifocal corneal contact lenses 
which minimize or avoid the above-mentioned disadvantage of 
multifocal contact lenses. 

Yet a further object of the present invention is to 
provide improved monovision type corneal contact lenses. 

Another particular object of the present invention 
is to provide such monovision type contact lenses which avoid 
the above-mentioned disadvantage of monovision type contact 
lenses. 

Summary of the Invention 

Pursuant to a general embodiment of the present 
invention, a pair of multifocal corneal contact lenses com- 
prises a first contact lens for one eye of a patient and a 
second, differently configured lens for the ther eye of the 
patient. The first lens has a first distant vision correction 
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zone and a first near vision correction zone. The second con- 
tact lens has a first correction zone and a second correction 
zone, the first correction zone corresponding substantially in 
size, shape and location to the distant vision correction zone 
of the first contact lens, and the second correction zone cor- 
responding substantially in size, shape and location to the 
near vision correction zone of the first contact lens. The 
first correction zone of the second contact lens constitutes a 
second near vision correction zone, the second correction zone 
constituting a second distant vision correction zone. Thus, 
in the second contact lens, the distant vision correction zone 
and the near vision correction zone are reversed with respect 
to the first contact lens. In addition, at least one of the 
two contact lenses has an intermediate distance correction 
zone separating the distant vision correction zone from the 
near vision correction zone of that lens. 

Pursuant to another feature of the present inven- 
tion, a plurality of intermediate distance correction zones 
may be disposed between the distant vision correction zone and 
the near vision correction zone of either or both of the con- 
tact lenses. Preferably, one of the intermediate distance 
correction zones of the first contact lens has a focal length 
in the same focal range as the focal length of one of the 
intermediate distance correction zones of the other contact 
lens. The other intermediate distance correction zone or 
zones of each lens may then have focal lengths ranges closer ~ 
to the focal length of one or the other of the distant vision 
correction zone and the near vision correction zone of the 
respective lens. 

The distant vision correction zones and near vision 
correction zones of the two lenses may have any of a number of 
different geometric configurations. For example, the correc- 
tion zones may be concentrically arranged or may take D shapes 
(segmented lenses). More particularly, the first distant 
vision correction zone (first lens) may occupy a circular area 
and the first near vision correction zone (first lens) may 
occupy an annular area surrounding the first distant vision 
corr ction zone. Likewise, the s cond near vision correction 
zone (second lens) may occupy a circular area, while the sec- 
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ond distant vision correction zone occupies an annular area 
around the second near vision correction zone. 

In a particular embodiment of the invention, each 
concentrically configured lens is provided with a plurality of 
annular intermediate distance correction zones between the 
circular inner zone and the annular outer zone. One of the 
intermediate distance correction zones in any particular lens 
may take the form of an intermediate-distant vision correction 
zone, while another intermediate distance vision correction 
zone may take the form of an intermediate-near vision correc- 
tion zone. Alternatively or in addition, a true intermediate 
distance correction zone may be provided. 

Pursuant to yet another feature of the present 
invention, the centrally located, circular correction zone of 
a concentrically configured lens, whether a distant vision 
correction zone or a near vision correction zone, has an area 
equal to approximately two-thirds of a minimum area (high 
illumination) subtended by the respective pupil of the 
patient. In addition, in a lens having at least two correc- 
tion zones, it is advantageous if that portion of the outer, 
annular correction zone coextensive with the pupil in a maxi- 
mally opened state thereof occupies an area equal to at least 
two-thirds of the area of the pupil in its maximally opened 
state (low illumination) . 

In accordance with another general embodiment of the 
present invention, a pair of multifocal corneal contact lenses 
includes a first contact lens for one eye of a patient, the 
lens having a distant vision correction zone, a near vision 
correction zone and an intermediate distance correction zone. 
A second contact lens for the other eye of the patient has a 
first correction zone, a second correction zone and a third 
correction zone, wherein the first correction zone corresponds 
generally in shape and location to the distant vision correc- 
tion zone of the first contact lens, the second correction 
zone corresponds generally in shape and location to the near 
vision correction zone of the first contact lens, and the 
third correction zone corresponds generally in shape and loca- 
tion to the intermediate distance correction zone of the first 
contact lens. One of the correction zones of the second lens 
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has a focal length in the same focal range as the focal length 
of the corresponding zone of the first contact lens, whereas 
the other two correction zones each have a focal length in the 
same focal range as the other of the remaining two zones of 
the first contact lens, whereby those other two zones are 
switched with respect to the first contact lens* 

The zone which is in the same focal range and has 
the same relative geometric location in the two lenses may be 
a distant vision correction zone, a near vision correction 
zone or an intermediate distance correction zone and may be, 
in a concentrically configured lens, a circular centrally 
located correction zone, an annular middle correction zone or 
an annular outer correction zone. In most specific applica- 
tions, the first correction zone, the second correction zone 
and the third correction zone have relative sizes different 
from relative sizes of the distant vision correction zone, the 
near vision correction zone and the intermediate distance cor- 
rection zone. 

Pursuant to a first specific form of the invention, 
both lenses have a distant vision correction zone in the shape 
of a circular region at the center of the respective lens. In 
that case, one lens has an annular outer area which is a near 
vision correction zone and an annular middle area which is an 
intermediate distance correction zone; the other lens has an 
outer annular area which is an intermediate distance correc- 
tion zone and an annular middle area which is a near vision 
correction zone. Alternatively, the circular central region 
in both lenses may be an intermediate distance correction zone 
(or a near vision correction zone) , while the outer annular 
correction zone of one lens is a near vision correction zone 
(or a distant vision correction zone) and the outer correction 
zone of the other lens is an intermediate distance correction 
zone. 

In another specific form of the invention, the mid- 
dle (annular) correction zones in the two lenses have focal 
lengths in a common focal range, while the focal lengths of 
the circular central zone and of the outer, annular z ne are 
switched from the one 1 ns to the other. Thus, if th middle 
zone in both lens s is an intermediate distance correction 
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zone, the central zone of one lens is a near vision correction 
zone and the central zone of the other lens is a distant 
vision correction zone and vice versa for the outer, annular 
zones. Alternatively, the middle, annular zone of both lenses 
may be either a distant vision correction zone or a near 
vision correction zone. 

In yet another specific form of the invention, the 
outer (annular) vision correction zones of the two lenses have 
focal lengths in a common focal range, and the focal lengths 
of the circular central zone and of the inner, annular zone 
are switched from the one lens to the other. Thus, if the 
outer zone in both lenses is a distant vision correction zone, 
the central zone of one lens is a near vision correction zone 
and the central zone of the other lens is an intermediate dis- 
tance correction zone and vice versa for the inner, annular 
zones. Alternatively, the outer, annular zone of both lenses 
may be either a near vision correction zone or an intermediate 
distance correction zone. 

In accordance with yet another general embodiment of 
the present invention, a pair of multifocal corneal contact 
lenses comprises a first contact lens for one eye of a 
patient, the lens having a first correction zone and a second 
correction zone concentrically disposed with respect to one 
another, and a second contact lens for the other eye of the 
patient, the second contact lens having a third correction 
zone and a-„ fourth correction zone concentrically disposed with 
respect to one another. The first correction zone and the 
third correction zone are each circular, while the second and 
the fourth correction zone are each annular in plan view of 
the respective contact lens. The first correction zone and 
the fourth correction zone each constitutes a distant vision 
correction zone, whereas the second correction zone and the 
third correction zone each constitutes a near vision correc- 
tion zone. The first correction zone and the third correction 
zone each have an area equal to approximately two-thirds of a 
minimum area subtended by the respective pupil of the patient. 

Pursuant t another feature of the invention, a por- 
ti n of the second correcti n zone and a porti n of the f urth 
correcti n zone coextensive with the pupil of the respective 
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eye in a maximally opened state of such pupil each cover an 
area equal approximately to at least two-thirds of the area 
subtended by the respective pupil in the maximally opened 
state- In some cases, the second correction zone is 
immediately adjacent the first correction zone and the fourth 
correction zone is immediately adjacent the third correction 
zone. In other cases, the first contact lens has a first 
annular intermediate distance correction zone between the 
first correction zone and the second correction zone, and the 
second contact lens has a second annular intermediate distance 
correction zone disposed between the third correction zone and 
the fourth correction zone. 

In a pair of contact lenses pursuant to this general 
embodiment of the present invention, one lens is a near vision 
lens and the other is a distant vision lens during periods of 
high illumination (minimum pupil size) , while the lenses 
reverse function during periods of low illumination (maximum 
pupil size) so that the first lens then functions as a distant 
vision correction lens and the second lens functions as a near 
vision correction lens. The limitations on pupil area sub- 
tended by the correction zones during extremes of ambient 
illumination minimizes blurring and optimizes visual acuity. 
During periods of intermediate and low illumination, vision is 
also, to some extent, stereoscopic. 

A pair of multifocal corneal contact lenses com- 
prises, in accordance with yet another embodiment of the pres- 
ent invention , a first contact lens for one eye of a patient 
and a second contact lens for the other eye of the patient. 
The first lens has a first correction zone and second correc- 
tion zone, the first correction zone having a focal length in 
a first focal range and the second correction zone having a 
focal length in a second focal range. The second contact lens 
has a third correction zone and a fourth correction zone, the 
third correction zone corresponding generally in shape and 
location to the first correction zone, the fourth correction 
zone corresponding generally in shape and location to the sec- 
ond correction zone. The third c rrection zone has a focal 
length in the second focal range and the fourth correction 
z ne has a focal length in the first focal range. At least 


9109336A1J _> 


WO 91/09336 


PCT/US90/07229 


- 8 - 


one of the contact lenses has on an anterior side a continuous 
surface with essentially a single radius of curvature and is 
provided on a posterior side with a cornea matching surface 
extending annularly along a periphery of the lens. That 
posterior side is further formed with at least one concave 
surface having a radius of curvature smaller than any radius 
of curvature of the cornea matching surface, the concave sur- 
face being radially spaced from a geometric center of the 
lens. 

In accordance with a general embodiment of the pres- 
ent invention, a pair of monovision type corneal contact 
lenses comprises a first contact lens for one eye of a 
patient, that lens having a first distant vision correction 
zone and a second distant vision correction zone separated 
from one another by an auxiliary correction zone. The distant 
vision correction zones have a common focal length, while the 
auxiliary correction zone has another focal length different 
from the distant vision correction zone focal length. A sec- 
ond contact lens, for the other eye of the patient, has a 
first near vision correction zone and a second near vision 
correction zone separated from one another by another 
auxiliary correction zone. The near vision correction zones 
of the second contact lens have their own common focal length, 
while the auxiliary correction zone of the second contact lens 
has a focal length different from the focal length of the near 
vision correction zones of the second lens* 

Preferably, the auxiliary correction zones of the 
two contact lenses are intermediate distance correction zones. 
In some applications, it may be preferable that the auxiliary 
correction zone of the first lens is an intermediate-distant 
vision correction zone, while the auxiliary correction zone of 
the other lens is an intermediate-near vision correction zone. 
In such cases, the focal length of an auxiliary correction 
zone is closer than it would otherwise be to the focal length 
of the other correction zones of the respective lens. 

As described hereinafter, the auxiliary correction 
zones are limited in size relative t the principal correction 
zones of the respective lenses. In this way, the advantages 
of mon vision are retained, while additi nal benefits are pro- 


BNSOCXIO: <WO 9l09336AlJ_> 


WO 91/09336 


PCT/US90/07229 


* 9 

vided by virtue of the inclusion of the auxiliary correction 
zones . 

In some applications, it is advantageous that the 
focal lengths of the auxiliary correction zones of the two 
lenses are in essentially the same focal range. 

Pursuant to an alternative specific feature of the 
present invention, the auxiliary correction zone of the first 
lens is a near vision correction zone. Alternatively, the 
auxiliary correction zone of the second lens is a distant, 
vision correction zone. In either of these cases, the focal 
length of an auxiliary correction zone is closer than it would 
otherwise be to the focal length of the non-auxiliary correc- 
tion zones of the other lens. Specifically, the auxiliary 
correction zone of the first lens may be a near vision correc- 
tion zone with a focal length in a range in which the focal 
length of the near vision correction zones of the second lens 
falls. Similarly, the auxiliary correction zone of the sec- 
ond lens may be a distant vision correction zone. 

The distant vision correction zones of the first 
lens and the near vision correction zones of the second lens 
may have any of a number of different geometric configura- 
tions. For example, the correction zones may be concentri- 
cally arranged or may take D shapes (segmented lenses) . More 
particularly, the first distant vision correction zone (first 
lens) may occupy a circular area and the second distant vision 
correction zone (first lens) may occupy an annular area sur- 
rounding the distant vision correction zone, the auxiliary 
correction zone of the first contact lens occupying an essen- 
tially annular area between the two distant vision correction 
zones. Likewise, the first near vision correction zone (sec- 
ond lens) may occupy a circular area, while the second near 
vision correction zone occupies an annular area about the sec- 
ond near vision correction zone and the auxiliary correction 
zone of the second lens takes an annular form between the two 
near vision correction zones. 

In a particular embodiment of the invention, each 
concentrically configured lens may be provided with a 
plurality of annular auxiliary distance correction zones 
b tween the circular inner zone and the annular outer zone. 
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one or rhe auxiliary correction zones in the first lens may 
take the form of an intermediate-distant vision correction 
zone, while another auxiliary correction zone may take the 
form of a true intermediate distance correction zone or a near 
vision correction zone. In that case, the focal length of the 
intermediate distance correction zone is shorter than the 
focal length of the intermediate-distant vision correction 
zone which is, in turn, smaller than the focal length of the 
distant vision correction zones. Similarly, in the second 
lens, one auxiliary correction zone may be a true intermediate 
distance correction zone, while another auxiliary correction 
zone is an intermediate-near vision correction zone or even an 
intermediate-distant vision correction zone. 

Pursuant to yet another feature of the present 
invention, the centrally located, circular correction zone of 
a concentrically configured lens, whether it is a distant 
vision correction zone or a near vision correction zone, has 
an area equal to approximately two-thirds of a minimum area 
subtended by the respective pupil of the patient. In addi- 
tion, in a lens having three zones or more, where the out- 
ermost annular zone has essentially the same focal length as 
the inner, circular correction zone, it is advantageous that 
the inner correction zone and the portion of the outermost 
annular correction zone coextensive with the pupil in a maxi- 
mally opened state thereof together occupy an area equal to at 
least two thirds of the area of the respective pupil in the 
maximally opened state thereof. 

With respect to a specific form of the present 
invention, the distant vision correction zones of the first 
lens and the near vision correction zones of the second lens 
are all essentially D-shaped in a plan view of the two contact 
lenses. In that case, the auxiliary correction zones of the 
two lenses are essentially strip-shaped. One or more addi- 
tional strip-shaped auxiliary correction zones may be disposed 
in each lens between the distant vision correction zones 
(first lens) or the near vision correction zones (second lens) 
thereof. One of the plurality of auxiliary correction zones 
may be an intermediate distance correction zone, while another 
auxiliary correction zone is, f r example, a distant vision 
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correction zone, a near vision correction zone, an 
intermediate-distant vision correction zone or an 
intermediate-near vision correction zone. Preferably, an 
auxiliary correction zone of one contact lens has a focal 
length in the same focal range (e.g., distant, intermediate- 
distant, intermediate, intermediate-near, near) as a cor- 
responding auxiliary correction zone of the other contact 
lens. 

In accordance with another general embodiment of the 
present invention, a pair of monovision type corneal contact 
lenses comprises a distant vision contact lens for one eye of 
a patient, the lens having a distant vision correction zone 
extending throughout a major portion of the lens. The distant 
vision correction zone has a characteristic focal length. The 
lens also has at least one first auxiliary correction zone 
with a respective focal length different from the focal length 
of the distant vision correction zone. The portion of the 
distant vision correction zone coextensive with the pupil of 
the one eye covers more than approximately two-thirds (more 
preferably 75% and most preferably 80%) of the area of the 
pupil of the one eye, essentially irrespective of the disposi- 
tion of the contact lens on the eye and of size of the pupil. 
A near vision contact lens for the other eye of the patient 
has a near vision correction zone extending throughout a major 
portion of the near vision lens. The near vision correction 
zone has a characteristic focal length. The near vision lens, 
in addition, has at least one auxiliary correction zone with a 
focal length different from the focal length of the near 
vision portion of the lens. The portion of the auxiliary 
correction zone of the near vision lens coextensive with the 
pupil of the respective eye covers more than approximately 
two-thirds (more preferably 75% and most preferably 80%) of 
the area of that pupil, essentially irrespective of the dis- 
position of the near vision contact lens on the eye and of the 
size of the respective pupil. 

Pursuant to this general embodiment of the inven- 
tion, the light falling n the retina of either eye through 
the auxiliary correction zone or zones of the respective con- 
tact lens is limited at any and all times to one-third (more 
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preferably 25% and most preferably 20%) of the total incident 
radiation. 

Pursuant to a specific feature of the invention, the 
auxiliary correction zone or zones of one lens of a monovision 
pair correspond substantially in size, shape and location to 
the auxiliary correction zone or zones of the other member of 
the pair. The auxiliary correction zones may be, for example, 
annular, crescent shaped, or rectangular. They may both be 
intermediate distance vision correction zones. 

An advantage of monovision type contact lenses in 
accordance with the present invention is that they may be 
marketed as bifocal or even trifocal lenses. That makes the 
lenses more desirable than conventional monovision lenses to 
the consuming public. The benefits of monovision are 
retained, while the user is able to see stereoscopically in at 
least a limited (e.g., intermediate distance) focal range. 

A corneal contact lens pursuant to a general feature 
of the present invention has a first vision correction zone 
with a first focal length and at least one second vision cor- 
rection zone with a second focal length different from the 
first focal length. The lens has on an anterior side a con- 
tinuous surface with essentially a single radius of curvature 
and is provided on a posterior side with a cornea matching 
surface extending annularly along a periphery of the lens. 
The posterior side is further formed with at least one concave 
surface having a radius of curvature smaller than any radius 
of curvature of the cornea matching surface, the concave sur- 
face being spaced from a geometric center of the lens. 
Brief Description of the Drawing 

Figs. 1 through 12 are plan views of pairs of multi- 
focal contact lenses in accordance with a general embodiment 
of the present invention. 

Fig- 13, 14 and 15 are plan views of further pairs 
of multifocal contact lenses in accordance with the present 
invention. 

Figs. 16 through 23 and 26 through 33 are plan views 
of pairs of multifocal contact lenses in accordance with 
another general embodiment of the present invention. 

Figs. 24, 25 and 34 through 36 are plan views of 
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additional pairs of multifocal contact lenses in accordance 
with the present invention. 

Fig* 37 is a cross-sectional view taken along line 
A-A in Fig. 1. 

Fig. 38 is a cross-sectional view taken along line 

B-B in Fig. 1. 

Fig. 39 is a cross-sectional view taken along line 

c-c in Fig. 2. 

Fig. 40 is a cross-sectional view taken along line 
E-E in Fig. 2. 

Fig. 41 is a cross-sectional view taken along line 

F-F in Fig. 8. 

Fig. 42 is a cross-sectional view taken along line 

G-G in Fig. 15. 

Fig. 43 is a plan view of a pair of generally 
monovision type contact lenses in accordance with a general 
embodiment of the present invention. 

Figs. 44 through 52 are plan views of further pairs 
of generally monovision type contact lenses in accordance with 
the present invention. 

Fig. 53 is a plan view of another pair of generally 
monovision type contact lenses in accordance with the present 
invention. 

Fig. 54 is a plan view of yet another pair of 
generally monovision type contact lenses in accordance with 
the present invention. 

Fig. 55 is a plan view of yet another pair of 
generally monovision type contact lenses in accordance with 
the present invention. 

Fig. 56 is a plan view of another pair of generally 
monovision type contact lenses in accordance with the present 
invention . 

Fig. 57 is a cross-sectional view taken along line 
H-H in Fig. 2. 

Fig. 58 is a cross-sectional view taken along line 

J-J in Fig. 2. 

Fig. 59 is a cross-sectional view taken al ng line 

K-K in Fig. 4. 

Fig. 60 is a cross-sectional view taken along line 
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L-L in Fig* 4. 

Figs. 61 through 64 are plan views of additional 
pairs of generally monovision type contact lenses in accord- 
ance with another general embodiment of the present invention. 

Figs. 65 through 67 are plan views of generally 
monovision type contact lenses in accordance with yet another 
general embodiment of the present invention. 
Detailed Description 

Drawing figures l through 42 illustrate pairs of 
corneal contact lenses with members having multiple correction 
zones which differ in configuration from one to the other to 
provide improved multifocal type corrections for presbyopia. 
One member of each pair is intended for one eye of a patient, 
while the other member is intended for the other eye. 

Figs, l through 12 all illustrate multifocal contact 
lenses wherein a first contact lens of a pair has a first dis- 
tant vision correction zone and' a first near vision correction 
zone in a pre-established configuration and a second contact 
lens of the pair has at least a first correction zone and a 
second correction zone, wherein the first correction zone cor- 
responds at least generally in shape and location to the dis- 
tant vision correction zone of the first contact lens and the 
second correction zone corresponds at least generally in shape 
and location to the near vision correction zone of the first 
contact lens, and wherein the first correction zone con- 
stitutes a -second near vision correction zone and the second 
correction zone constitutes a second distant vision correction 
zone. 

It is to be noted that, for purposes of simplifying 
the drawing, the plan views of Figs. 1 through 36 have omitted 
a representation of an annular peripheral cornea matching zone 
included in each lens pursuant to conventional lens design. 
These corneal matching areas are shown in the cross-sectional 
views of Figs. 37 through 42. 

As shown in Fig. l, a first contact lens la of a 
pair of multifocal corneal contact lenses includes a circular 
distant vision correction zone lc surrounded by an annular 
near vision correction zone Id. A second contact lens lb of 
the pair includes a circular near vision c rrection zone le 
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surrounded by an annular distant vision correction zone If. 

Fig. 2 illustrates a pair of multifocal corneal con- 
tact lenses 2a and 2b, wherein the first lens 2a includes a 
circular distant vision correction zone 2c and an annular, 
outer near vision correction zone 2d separated by an annular 
middle intermediate distance correction zone 2e. The second 
lens 2b of the pair also includes three correction zones 2f, 
2g and 2h arranged concentrically with respect to one another. 
Circular center zone 2f is a near vision correction zone, 
whereas outer zone 2g is a distant vision correction zone and 
middle zone 2h is an intermediate distance correction zone. 
Correction zones 2e and 2h have focal lengths which are in the 
same range (the intermediate distance correction zone range) . 

Fig. 3 depicts a pair of multifocal corneal contact 
lenses 3a and 3b wherein lens 3a is identical to lens 2a and 
thus includes a circular distant vision correction zone 3c and 
an annular, outer near vision correction zone 3d separated by 
an annular middle intermediate distance correction zone 3e. 
Lens 3b is identical to lens lb and thus includes a circular 
near vision correction zone 3f surrounded by an annular dis- 
tant vision correction zone 3g. 

Preferably, the inner, circular correction zones lc, 
le, 2c, 2f and 3c, 3f of the lenses shown in Figs. 1 through 3 
each have an area equal to at least two-thirds (preferably 
seventy-five percent and most preferably eighty percent) of a 
minimum area subtended by the respective pupil of the patient. 
This area distribution is believed to optimally minimize blur- 
ring during periods of high illumination. 

Lens la is a distant vision lens for high illumina- 
tion and a near vision lens for low illumination. The reverse 
applies to lens lb: it is a near vision lens at high levels of 
illumination and a distant vision lens at low illumination. 
In order to optimize visual acuity in those lenses, it is also 
recommended that the portion of each of the outer zones Id and 
If coextensive with the pupil of the respective eye during 
periods of low illumination covers at least approximately two- 
thirds of the respective pupil (preferably seventy-five per- 
cent and most preferably eighty percent) . 

Similarly, lenses 2a and 3a are distant vision 
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lenses for high illumination and near vision lenses in situa- 
tions of low illumination, while lenses 2b and 3b are near 
vision lenses in situations of high illumination and distant 
vision lenses during periods of low illumination. Near vision 
correction zones 2d and 3d and distant vision correction zones 
2g and 3g should be so dimensioned, for purposes of maximizing 
visual acuity, that the portion of each of those outer zones 
2d, 3d, 2g, and 3g coextensive with the pupil of the respec- 
tive eye during periods of low illumination covers at least 
approximately two-thirds of the respective pupil (preferably 
seventy-five percent and most preferably eighty percent) . 

Fig. 4 illustrates a pair of multifocal corneal con- 
tact lenses 4a and 4b, wherein the first lens 4a includes a 
circular distant vision correction zone 4c and em annular, 
outer near vision correction zone 4d separated by an annular 
middle intermediate-distant vision correction zone 4e. The 
second lens 4b of the pair also includes three correction 
zones 4f , 4g and 4h arranged concentrically with respect to 
one another. Circular center zone 4f is a near vision correc- 
tion zone, whereas outer zone 4g is a distant vision correc- 
tion zone and middle zone 4h is an intermediate-near vision 
correction zone. Correction zones 4e and 4h advantageously 
have focal lengths which are generally closer to the focal 
lengths of the respective inner zones 4c and 4f than the focal 
lengths of intermediate distance correction zones 2e and 2h 
are to the*, focal lengths of inner zones 2c and 2f, respec- 
tively. 

The discussion hereinabove with respect to the sizes 
of the inner and outer correction zones of the lenses of Figs. 
1 through 3 also applies to the multifocal corneal contact 
lenses illustrated in Fig. 4. 

As illustrated in Fig. 5, one contact lens 5a has a 
circular innermost correction zone 5c separated from an 
annular outermost correction zone 5d by two annular middle 
correction zones 5e and 5f . Innermost and outermost zones 5c 
and 5d take the form of a distant vision correction zone and a 
near vision correcti n zone respectively, while annular middle 
zones 5e and 5f are an intermediate-distant vision correction 
zone and a true intermediate distance correction zone, respec- 
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tively. Thus, the focal length of middle zone 5f is shorter 
than the focal length of middle zone 5e. 

Similarly, second contact lens 5b of the pair shown 
in Fig. 5 has a circular innermost correction zone 5g sepa- 
rated from an annular outermost correction zone 5h by. two 
annular middle correction zones 5i and 5j. Innermost and out- 
ermost zones 5g and 5h are a near vision correction zone and a 
distant vision correction zone, respectively, while annular 
middle zones 5i and 5j are an intermediate-near vision correc- 
tion zone and a true intermediate distance correction zone, 
respectively. The focal length of middle zone 5j is longer 
than the focal length of middle zone 5i. 

Fig. 6 depicts a pair of multifocal corneal contact 
lenses 6a and 6b wherein lens 6a has a circular innermost cor- 
rection zone 6c separated from an annular outermost correction 
zone 6d by three annular middle correction zones 6e, 6f and 
6g- Innermost and outermost zones 6c and 6d are respectively 
a distant vision correction zone and a near vision correction 
zone. Annular middle zones 6e and 6g are an intermediate- 
distant vision correction zone and a intermediate-near vision 
correction zone, respectively. Middle zone 6f is a true 
intermediate distance correction zone. Thus, the focal length 
of middle zone 6f is shorter than the focal length of middle 
zone 6e and longer than the focal length of middle zone 6g. 

Similarly, second contact lens 6b of the pair shown 
in Fig. 6 has a circular innermost correction zone 6h sepa- 
rated from an annular outermost correction zone 6i by three 
annular middle correction zones 6j, 6k and 6m. Innermost and 
outermost zones 6h and 6i are a near vision correction zone 
and a distant vision correction zone, while annular middle 
zones 6j and 6m are an intermediate-near vision correction 
zone and an intermediate-distant vision correction zone. Mid- 
dle zone 6k is a true intermediate distance correction zone, 
the focal length of middle zone 6k being longer than the focal 
length of middle zone 6j and shorter than the focal length of 
intermediate distance correction zone 6m. 

In a preferred embodiment f the present invention, 
the middle correction zones 6e, 6f, 6g, 6 j , 6k and 6m have a 
radial dimension or width substantially thinner than the 
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radial dimension of outer correction zones 6d and 6i or the 
radii of inner correction zones 6c and 6h. Such relative 
dimensions are preferred in order to optimize visual acuity, 
as discussed hereinabove. Moreover, it is to be noted that 
the relative widths of the correction zones of one lens 6a may 
be, depending on the application (e.g., the particular 
patient's condition) , different than the relative widths of 
the correction zones of the other lens 6b. 

As shown in Fig. 7, in a pair of multifocal corneal 
contact lenses 7a and 7b, a first lens 7a has a D-shaped dis- 
tant vision correction zone 7c disposed above a D-shaped near 
vision correction zone 7d. Another lens 7b has a D-shaped 
near vision correction zone 7e disposed above a D-shaped dis- 
tant vision correction zone 7f . 

In a more preferred specific embodiment of the 
invention, illustrated in Fig. 8, a first lens 8a includes an 
upper, D-shaped distant vision correction zone 8c separated by 
a strip-shaped intermediate distance correction zone 8e from a 
lower, D-shaped near vision correction zone 8d. A second lens 
8b comprises an upper, D-shaped near vision correction zone 8f 
separated by a strip-shaped intermediate distance correction 
zone 8h from a lower, D-shaped distant vision correction zone 
8g. 

In a pair of multifocal corneal contact lenses 9a 
and 9b shown in Fig. 9, a first lens 9a is identical to lens 
7a while another lens 9b„.is identical to lens 8b. Accor- 
dingly, lens 9a includes a D-shaped distant vision correction 
zone 9c disposed above a D-shaped near vision correction zone 
9d, while lens 9b includes an upper, D-shaped near vision cor- 
rection zone 9e separated by a strip-shaped intermediate dis- 
tance correction zone 9g from a lower, D-shaped distant vision 
correction zone 9f . 

In another specific embodiment of the invention, 
illustrated in Fig. 10, a first lens 10a includes an upper, D- 
shaped distant vision correction zone 10c separated by a 
strip-shaped intermediate-distant vision correction zone lOe 
from a lower, D-shaped near vision correction zone lOd. A 
second lens 10b comprises an upp r, D-shaped near visi n cor- 
rection zone lOf separated by a strip-shaped intermediate-near 
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vision correction zone lOh from a lower, D-shaped distant 
vision correction zone lOg. 

Fig. 11 is an illustration of a first contact lens 
lla having two substantially D-shaped terminal correction 
zones 11c and lid and two substantially strip-shaped correc- 
tion zones lie and llf between D-shaped zones 11c and lid. A 
second contact lens of the pair includes two substantially D- 
shaped terminal correction zones llg and llh and substantially 
strip-shaped correction zones Hi and llj between D-shaped 
zones llg and llhi. 

D-shaped zones 11c and llh are distant vision cor- 
rection zones, while D-shaped zones lid and llg are near 
vision correction zones. Zones He and llj are intermediate- 
distant vision correction zones, while zones llf and Hi are 
intermediate-near vision correction zones. For example, dis- 
tant vision correction zones 11c and llh may a substantially 
the same focal length, depending on the focal powers of the 
respective eyes of the patient. Likewise, intermediate-near 
vision correction zones llf and Hi may have the same focal 
length, if required by the eyes of the patient. 

As depicted in Fig. 12, a pair of multifocal corneal 
contact lenses 12a and 12b includes a first contact lens 12a 
having a D-shaped distant vision correction zone 12c and a D- 
shaped near vision correction zone 12d separated from one 
another by three substantially strip-shaped correction zones 
12e, 12 f and 12g. A second contact lens 12b of the pair 
includes a D-shaped near vision correction zone 12h and a D- 
shaped distant vision correction zone 12 i separated from one 
another by three substantially strip-shaped correction zones 
12 j, 12k and 12m. 

Zones 12e and 12g are an intermediate-distant vision 
correction zone and an intermediate-near vision correction 
zone, respectively, while zones 12 j and 12m are an 
intermediate-near vision correction zone and an intermediate- 
distant vision correction zone, respectively. Middle zones 
12 f and 12k are intermediate distance correction zones. Mid- 
dle zone 12 f has a focal length less in value than a focal 
length of intermediate-distant vision correction zone 12e and 
greater in value than the focal length of intermediate-near 
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vision correction zone I2g. Middle zone 12k has a focal 
length less in value than a focal length of intermediate- 
distant vision correction zone 12m and greater in value than 
the focal length of intermediate-near vision correction zones 
12 j. 

A pair of multifocal corneal contact lenses 13a and 
13b shown in Fig. 13 include a first lens 13a identical to 
lens 3a and a second lens 13b identical to lens 8a. Thus, 
lens 13a includes a circular distant vision correction zone 
13c and an annular, outer near vision correction zone 13d 
separated by an annular middle intermediate distance correc- 
tion zone 13e, while lens 13b includes an upper, D-shaped dis- 
tant vision correction zone 13 f separated by a strip-shaped 
intermediate distance correction zone 13h from a lower, D- 
shaped near vision correction zone 13 g 

Fig. 14 shows a first contact lens 14a having a cir- 
cular intermediate distance correction zone 14e at the center. 
A substantially D-shaped distant vision correction zone 14c is 
on an upper side of zone I4e opposite a near vision correction 
zone 14d. Distant vision correction zone 14c and near vision 
correction zone 14d are partially separated from one another 
by intermediate distance correction zone 14e and are con- 
tiguous with one another along a line on opposite sides of 
zone 14e. 

In a second lens 14b of the pair shown in Fig. 14, a 
circular intermediate distance/correction " zone 14h is disposed 
at the center of the lens between a substantially D-shaped 
near vision correction zone 14f on an upper side of the lens 
and a distant vision correction zone 14g on a lower side of 
the lens. Near vision correction zone I4f and distant vision 
correction zone 14g are partially separated from one another 
by intermediate distance correction zone 14h and are con- 
tiguous with one another along a line on opposite sides of 
zone 14h. 

As depicted in Fig. 15, in a pair of multifocal 
corneal contact lenses 15a and 15b, a first lens 15a has a 
circular distant vision correction zone 15e disposed between 
an upper D-shaped intermediate distance correction zone 15c 
and a lower D-shaped near vision correction zone 15d. In a 
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second lens 15b, a circular near vision correction zone 15h is 
disposed between an upper D-shaped intermediate distance cor- 
rection zone 15 f and a lower D-shaped distant vision correc- 
tion zone 15g. 

Figs. 16 through 30 all illustrate multifocal con- 
tact lenses wherein a first contact lens has a distant vision 
correction zone, a near vision correction zone and an inter- 
mediate distance correction zone, while a second contact lens 
has a first correction zone, a second correction zone and a 
third correction zone, the first correction zone corresponding 
substantially in size, shape and location to the distant 
vision correction zone of the first contact lens, the second 
correction zone corresponding substantially in size, shape and 
location to the near vision correction zone of the first, con- 
tact lens, and the third correction zone corresponding in 
size, shape and location to the intermediate distance correc- 
tion zone of the first contact lens. One of the correction 
zones of the second contact lens has a focal length in the 
same focal range as the focal length of the corresponding zone 
of the first contact lens. More particularly stated, two con- 
tact lens zones which have the same geometry and position in 
the two lenses are both distant vision correction zones, 
intermediate distance correction zones or near vision correc- 
tion zones. The other two zones of the second lens are 
reversed with respect to the first lens: if the remaining 
zones of the first lens are termed "P" and "Q" and the geom- 
etrically corresponding zones of the second lens are respec- 
tively termed M P'" and "Q,' M the focal lengths of zones P and 
Q' lie in the same focal range (i.e., both such zones are dis- 
tant vision correction zones, intermediate distance correction 
zones or near vision correction zones) , while the focal 
lengths of zones P' and Q lie in the same range. 

Fig. 16 illustrates a pair of multifocal corneal 
contact lenses 16a and 16b, wherein the first lens 16a 
includes a circular distant vision correction zone 16c and an 
annular, outer near vision correction zone 16d separated by an 
annular middle intermediate distance correction zone 16e. In 
contrast, the second lens 16b includes a circular distant 
vision correcti n zone 16f at the center of the lens and an 
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annular , outer intermediate distance correction zone 16g sepa- 
rated by an annular middle near vision correction zone 16h. 

In contact lenses 16a and 16d, intermediate distance 
correction zones 16e and 16g are preferably substantially 
thinner (radial dimension) than near vision correction zones 
16d and 16h. By way of example, intermediate distance cor- 
rection zones 16e and 16g may have widths of a fraction of a 
millimeter, while near vision correction zones 16d and 16h may 
have widths up to several millimeters. Thus, it is clear that 
the relative widths of correction zones 16c, 16d and 16e may 
be different from the relative widths of correction zones 16f , 
16g and 16h. 

As shown in Fig. 17, a pair of multifocal corneal 
contact lenses 17a and 17b includes a first contact lens 17a 
with a circular near vision correction zone 17c at the center 
of the lens and an annular intermediate distance correction 
zone I7d at the periphery of the lens. Near vision correction 
zone 17c and intermediate distance correction zone I7d are 
spaced from one another by an annular distant vision correc- 
tion zone I7e. The second lens 17b of the pair also includes 
three correction zones 17 f, I7g and 17h arranged concentri- 
cally with respect to one another. Circular center zone 17f 
is a near vision correction zone, whereas outer zone 17g is a 
distant vision correction zone and middle zone 17h is an 
intermediate distance correction zone. 

The correction zones of lenses 17a and 17b may have 
relative widths which vary from lens to lens. In particular/ 
intermediate distance correction zonez 17d and 17h will 
generally have widths which are several times smaller than the 
widths of distant vision correction zones 17e and 17g. 

In a pair of multifocal corneal contact lenses 18a 
and 18b depicted in Fig. 18, a first lens 18a comprises a cir- 
cular intermediate distance correction zone 18c at the geom- 
etric center of the lens, an annular distant vision correction 
zone 18d at the outer edge of the lens, and an annular near 
vision correction zone 18e separating the circular center zone 
from the annular peripheral zone. The second lens 18b has a 
circular inner zone 18 f in the form of an intermediate dis- 
tance correction zone, an annular peripheral zone 18g in the 
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form of a near vision correction zone, and an annular middle 
zone 18h in the form of a distant vision correction zone. In 
the embodiment illustrated in Fig* 18, the centrally located, 
intermediate distance correction zones 18c and 8f are 
generally substantially smaller than the annular correction 
zones 18d, 18e and 18g and 18h. 

A first contact lens 19a of pair of multifocal 
corneal contact lenses 19a and 19b illustrated in Fig. 19 
includes three concentric vision correction zones 19c, 19d and 
19e. The first zone 19c f located at the center of the lens, 
is a near vision correction zone, while the second zone 19d, 
located at the edge of the lens, is an intermediate distance 
correction zone and the third zone 19e, located between the 
first two, is a distant vision correction zone. The second 
lens 19b of the pair includes a circular intermediate distance 
correction zone 19 f at the center of the lens and two sur- 
rounding ring-shaped zones 19g and 19h. Outer ring 19g is a 
near vision correction zone, whereas inner ring 19h is a dis- 
tant vision correction zone. 

Fig. 20 illustrates a pair of multifocal corneal 
contact lenses 20a and 20b, wherein the first lens 20a 
includes a circular distant vision correction zone 20c and an 
annular, outer intermediate distance correction zone 20d sepa- 
rated by an annular middle near vision correction zone 20e. 
In contrast, the second lens 20b includes a circular inter- 
mediate distance correction zone 20f at the center of the lens 
and an annular, outer distant vision correction zone 20g sepa- 
rated by an annular middle near vision correction zone 20h. 

As shown in Fig. 21, a pair of multifocal corneal 
contact lenses 21a and 21b includes a first contact lens 21a 
with a circular near vision correction zone 21c at the center 
of the lens and an annular distant vision correction zone 2 Id 
at the periphery of the lens. Near vision correction zone 21c 
and distant vision correction zone 2 Id are spaced from one 
another by an annular intermediate distance correction zone 
21e. The second lens 21b of the pair also includes three cor- 
rection zon s 21f , 21g and 21h arranged concentrically with 
respect to one another. Circular center zone 2 If is an inter- 
mediate distance correction zone, whereas outer zone 2lg is a 
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distant vision correction 2one and middle zone 21h is a near 
vision correction zone. 

In a pair of multifocal corneal contact lenses 22a 
and 22b depicted in Fig. 22, a first lens 22a comprises a cir- 
cular intermediate distance correction zone 22c at the geom- 
etric center of the lens, an annular near vision correction 
zone 22d at the outer edge of the lens, and an annular distant 
vision correction zone 22e separating the circular center zone 
from the annular peripheral zone. The second lens 22b has a 
circular inner zone 22 f in the form of a distant vision cor- 
rection zone, an annular peripheral zone 22g in the form of a 
near vision correction zone, and an annular middle zone 22h in 
the form of an intermediate distance correction zone. 

A first contact lens 23a of pair of multifocal 
corneal contact lenses 23a and 23b illustrated in Fig. 23 
includes three concentric vision correction zones 23c r 23d and 
23e. The first zone 23c, located at the center of the lens, 
is a near vision correction zone, while the second zone 23d, 
located at the edge of the lens, is an intermediate distance 
correction zone and the third zone 23e, located between the 
first two, is a distant vision correction zone. The second 
lens 23b of the pair includes a circular distant vision cor- 
rection zone 23 f at the center of the lens and two surrounding 
ring-shaped zones 23g and 23h. Outer ring 23g is an inter- 
mediate distance correction zone, whereas inner ring 23h is a 
near vision correction zone. 

Preferably, the inner, circular correction zones 
16c, 16f, 17c, 17f, 19c, 20c, 21c, 22f, 23c and 23f of the 
lenses shown in Figs. 16 through 23 each have an area equal to 
approximately two-thirds of a minimum area subtended by the 
respective pupil of the patient. As stated above, this area 
distribution is believed to optimally minimize blurring during 
periods of high illumination. Lenses 16a, 16b, 20a, 22b, and 
23b are distant vision lens during periods of high illumina- 
tion, while lenses 17a, 17b, 19a, 21a, and 23a are near vision 
lenses in high illumination situations. 

In at least some of those lenses, visual acuity of 
either distant vision or near vision, whichever kind of vision 
is n t aided by the central correction z ne, is optimized in 
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periods of low illumination by controlling the relative size 
of the annular outer correction zones. For example, distance 
vision during low illumination is maximized in lens 17b, 18a, 
20b, 21a and 21b by ensuring that the portion of each of the 
outer zones 17g, 18d, 20g, 2 Id and 21g coextensive with the 
pupil of the respective eye during periods of low illumination 
covers at least approximately two-thirds of the respective 
pupil. • . — 

Fig. 24 illustrates a pair of multifocal corneal 
contact lenses 24a and 24b, wherein the first lens 24a 
includes an upper D-shaped intermediate distance correction 
zone 24c separated from a lower, D-shaped near vision correc- 
tion zone 24d by a strip-shaped distant vision correction zone 
24e. The other lens 24b includes an upper, D-shaped near 
vision correction zone 24f disposed on a side of a strip- 
shaped, centrally located distant vision correction zone 24h 
opposite a lower , D-shaped intermediate distance correction 
zone 24g. 

As shown in Fig. 25, a pair of multifocal corneal 
contact lenses 25a and 25b includes a first contact lens 25a 
with a pair of D-shaped correction zones 25c and 25d at the 
top and bottom of the lens, separated by a strip-shaped 
auxiliary correction zone 17e. D-shaped zones 25c and 25d are 
a distant vision correction zone and an intermediate distance 
correction zone, respectively, while middle zone 25e con- 
stitutes a near vision correction zone.' The second contact 
lens 25b of the pair shown in Fig. 25 comprises a strip-shaped 
near vision correction zone 25h sandwiched between an upper, 
D-shaped intermediate distance correction zone 25f and a 
lower, D-shaped distant vision correction zone 25g. 

In a pair of multifocal corneal contact lenses 26a 
and 26b depicted in Fig. 26, a first lens 26a comprises an 
upper, D-shaped distant vision correction zone 26c separated 
by a strip-shaped intermediate distance correction zone 26e 
from a lower, D-shaped near vision correction zone 26d. A 
second lens 26b includes an upper, D-shaped distant vision 
correction zone 26f and a lower, D-shaped intermediate dis- 
tance corr ction zone 26g disposed n opposite sides of a cen- 
tral, strip-shaped near vision c rrection zone 26h. 


9109336A1J > 


WO 91/09336 


PCT/US90/07229 


- 26 - 


A first contact lens 27a of pair of multifocal 
corneal contact lenses 27a and 27b illustrated in Fig. 27 
includes three vertically superimposed zones: (a) an upper, 
intermediate distance correction zone 27c, (b) a middle, dis- 
tant vision correction zone 27e and (c) a lower, near vision 
correction zone 27d. The other lens 27b of the pair shown in 
Fig. 27 comprises a first D-shaped correction zone 27f, a sec- 
ond D-shaped correction zone 27g and a substantially strip- 
shaped correction zone 27h separating the two D-shaped zones 
27f and 27g. Zones 27f , 27g and 27h are an intermediate dis- 
tance correction zone, a distant vision correction zone and a 
near vision correction zone, respectively. 

Fig. 28 illustrates a pair of multifocal corneal 
contact lenses 28a and 28b, wherein the first lens 28a 
includes an upper D-shaped near vision correction zone 28c 
separated from a lower, D-shaped distant vision correction 
zone 28d by a strip-shaped intermediate distance correction 
zone 28e. The other lens 28b includes an upper, D-shaped near 
vision correction zone 28f disposed on a side of a strip- 
shaped , centrally located distant vision correction zone 28h 
opposite a lower, D-shaped intermediate distance correction 
zone 28g. 

As shown in Fig. 29, a pair of multifocal corneal 
contact lenses 29a and 29b includes a first contact lens 29a 
with a pair of D-shaped correction zones 29c and 29d at the 
top and bottom of the lens, separated by a strip-shaped 
auxiliary correction zone I8e. D-shaped zones 29c and 29d ar 
a distant vision correction zone and a near vision correction 
zone, respectively, while middle zone 29e constitutes an 
intermediate distance correction zone. The second contact 
lens 29b of the pair shown in Fig. 29 comprises a strip-shaped 
distant vision correction zone 29h sandwiched between an 
upper, D-shaped intermediate distance correction zone 29 f and 
a lower, D-shaped near vision correction zone 29g. 

In a pair of multifocal corneal contact lenses 30a 
and 30b depicted in Fig. 30, a first lens 30a comprises an 
upper, D-shaped near vision c rrecti n zone 30c separated by a 
strip-shaped intermediate distance c rrection zone 30e from a 
lower, D-shaped distant vision correction zone 30d. A second 
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lens 30b includes an upper, D-shaped intermediate distance 
correction zone 3 Of and a lover, D-shaped distant vision cor- 
rection zone 30g disposed on opposite sides of a central, 
strip-shaped near vision correction zone 3 Oh. 

A first contact lens 31a of pair of multifocal 
corneal contact lenses 31a and 31b illustrated in Fig. 31 
includes three vertically superimposed zones: (a) an upper, 
distant vision correction zone 31c, (b) a middle, near vision 
correction zone 31e and (c) a lower, intermediate distance 
correction zone 3 Id. The other lens 31b of the pair shown in 
Fig. 31 comprises a first D-shaped correction zone 3 If , a sec- 
ond D-shaped correction zone 31g and a substantially strip- 
shaped correction zone 31h separating the two D-shaped zones 
3 If and 31g. Zones 31f, 31g and 31h are a near vision correc- 
tion zone, an intermediate distance correction zone, and a 
distant vision correction zone, respectively. 

As shown in Fig. 32, a first lens 32a of a pair of 
multifocal corneal contact lenses 32a and 32b includes an 
upper, substantially D-shaped correction zone 32c and a lower, 
substantially D-shaped correction zone 32d together surround- 
ing a circular centrally disposed correction zone 32e. Zones 
32c, 32d and 32e are an intermediate distance correction zone, 
a near vision correction zone and a distant vision correction 
zone, respectively. The second lens 32b of the pair shown in 
Fig. 32 includes an upper, D-shaped intermediate distance cor- 
rection zone 32f and a lower, D-shaped distant vision correc- 
tion zone 32g disposed on opposite sides of a strip-shaped 
near vision correction zone 32h. 

A first lens 33a of a pair of multifocal corneal 
contact lenses 33a and 33b illustrated in Fig. 33 includes an 
upper, substantially D-shaped correction zone 33c and a lower, 
substantially D-shaped correction zone 33d together surround- 
ing a circular centrally disposed correction zone 33e. Zones 
33c, 33d and 33e are a distant vision correction zone, a near 
vision correction zone and an intermediate distance correct i n 
zone, respectively. The second lens 33b of the pair shown in 
Fig. 33 includes an upper, D-shaped near vision correction 
zone 33f and a lower, D-shaped distant vision correction zone 
33g disposed on opposite sides of a strip-shaped intermediate 
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distance correction zone 33h. 

As shown in Fig. 34, a first lens 34a of a pair of 
multifocal corneal contact lenses 34a and 34b includes an 
upper, substantially D-shaped correction zone 34c and a lower, 
substantially D-shaped correction zone 34d together surround- 
ing a circular centrally disposed correction zone 34e. Zones 
34c, 34d and 34e are an intermediate distance correction zone, 
a near vision correction zone and a distant vision correction 
zone, respectively. Second lens 34b includes three correction 
zones 34 f, 34g and 34h arranged concentrically with respect to 
one another. Circular center zone 34f is a near vision cor- 
rection zone, whereas outer zone 34g is a distant vision cor- 
rection zone and middle zone 34h is an intermediate distance 
correction zone. 

A first lens 35a of a pair of multifocal corneal 
contact lenses 35a and 35b illustrated in Fig. 35 includes an 
upper, substantially D-shaped correction zone 35c and a lower, 
substantially D-shaped correction zone 35d together surround- 
ing a circular centrally disposed correction zone 35e. Zones 
35c, 35d and 35e are a distant vision correction zone, a near 
vision correction zone and an intermediate distance correction 
zone, respectively. The second lens 35b of the pair shown in 
Fig. 35 includes three correction zones 35f, 35g and 35h 
arranged concentrically with respect to one another. Circular 
center zone 35f is an intermediate distance correction zone, 
whereas outer zone 35g is a distant vision correction zone and 
middle zone 35h is a near vision correction zone. 

A first lens 36a of a pair of multifocal corneal 
contact lenses 36a and 36b illustrated in Fig. 36 includes an 
upper, substantially D-shaped near vision correction zone 36c 
and a lower, substantially D-shaped distant vision correction 
zone 36d together surrounding a circular centrally disposed 
intermediate distance correction zone 36e. The second lens 
36b of the pair shown in Fig. 36 includes three correction 
zones 36 f, 36g and 36h arranged concentrically with respect to 
one another. Circular center zone 36f is a near vision cor- 
rection zone, whereas outer zone 36g is a distant vision cor- 
rection zone and middle zone 36h is an intermediate distance 
correcti n zone. 
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The contact lenses of the instant invention can be 
made of any conventional contact lens material. Such 
materials are polymeric compositions including, but not 
limited to, soft lens and hard lens materials, gas permeable 
polymers, and, more particularly, ethyl methacrylates and 
silicone acrylates. 

The contact lenses of the instant invention may be 
manufactured by machining. In particular, the lenses with a 
point symmetric or concentric configuration may be produced by 
cutting on a lens lathe, as described in U.S. Patent No. 
4,704,016 to de carle. Pursuant to the disclosure of that 
patent, the anterior or convex side of the lens (facing away 
from the eye surface) is initially cut along a curve essen- 
tially matching the final surface of the distant vision cor- 
rection zone or zones of the lens. The near vision correction 
zones are then machined by taking a series of steeper cuts. 
Sharp steps may be avoided by continually changing the posi- 
tion of the center of curvature when moving the cutting tool 
in a controlled maner to produce the desired profile. 

Accordingly, intermediate-distant, intermediate dis- 
tance, and intermediate-near vision correction zones are pro- 
duceable by taking a first series of cuts for the 
intermediate-distant zones, a second series of deeper cuts for 
the intermediate distance zones and a third series of even 
deeper cuts for the near vision zones. 

Pursuant to the teachings of de Carle, the different 
correction zones of a contact lens in accordance with the 
instant invention may alternatively or additionally be imple- 
mented by embedding, in a base matrix, pieces of material 
having a refractive index different from that of the base 
material . 

The contact lenses of the instant invention are 
manufactured preferably by a molding technique, optionally 
with subsequent machining and polishing, to form recesses on 
the posterior (cornea facing) sides of the lenses for produc- 
ing the various correction zones. 

As illustrated in Fig. 37, 1 ns la of Fig. 1 is pro- 
vid d on a posterior side 37a with an annular peripheral 
cornea matching surface 37b, an annular concave surface 37c 
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corresponding to annular near vision correction zone Id, and a 
centrally located concave surface 37d corresponding to cir- 
cular distant vision correction zone lc. Concave surface 37d 
has a radius of curvature which is smaller than the radius of 
curvature of annular concave surface 37c which in turn is 
smaller than the radius or radiii of curvature of the cornea 
matching surface (s) 37b. Concave surface 37c is preferably 
also a cornea matching surface, the prescription of near 
vision correction zone Id being controlled in that event by 
the curvature of an outer, convex surface 37e of lens la. The 
radii of curvature of concave surface 37d is predetermined so 
that, together with a tear reservoir which will be formed 
between the lens and the eye surface upon application of the 
lens to the eye, the particular prescription of a patient is 
satisfied. 

Alternatively, the recess formed by concave surface 
37d may be filled with an appropriate gas permeable synthetic 
resin material, in that case, the radii of curvature of con- 
cave surface 37d is modified to achieve the same prescription. 

Similarly, as depicted in Pig. 38, lens lb is pro- 
vided on a posterior side 38a with an annular peripheral 
cornea matching surface or surfaces 38b, an annular concave 
surface 38c for forming distant vision correction zone if, and 
a central circular concave surface 38d for forming near vision 
correction zone le. The radius of curvature of concave sur- 
face 38c is predetermined so that, together with a tear reser- 
voir which will be formed between the lens surface and the eye 
surface upon application of the lens to the eye, the particu- 
lar distant vision prescription of a patient is satisfied. 
Alternatively, the recess formed by concave surface 38c may be 
filled with an appropriate gas permeable synthetic resin 
material. If so, the radii of curvature of that concave sur- 
face is modified to result in the same prescription. Concave 
surface 38d may be a conrean matching surface and thus have a 
radius of curvature predetermined by the curvature of the 
patient's cornea at the center of the respective eye. In that 
case, the patient's near vision prescription for that eye is 
attained by controlling the curvature of anterior lens surface 
38e. 
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Fig, 39 shows a cross-sectional configuration of 
lens 2a. A posterior side 39a of lens 2a includes an annular 
peripheral cornea matching surface 39b having a relatively 
large radius of curvature, an annular concave surface 39c also 
having a relatively large radius of curvature, an intermediate 
annular concave surface 39d having a relatively small radius 
of curvature, and a centrally located circular concave surface 
39e having an even smaller radius of curvature. Surfaces 39c, 
39d and 39e correspond to near vision correction zone 2d, 
intermediate distance correction zone 2e and distant vision 
correction zone 2c, respectively. As described hereinabove 
with reference to lenses la and lb, surface 39c is preferably 
a cornea matching surface, while the radii of curvature of 
surfaces 39d and 39e are determined in part by whether the 
recesses formed by the surfaces are filled with a polymeric 
material (e.g., gas permeable silicone acrylate) or tear 
fluid. 

As shown in Fig. 40, lens 2b is provided on a 
posterior side 40a with an annular peripheral cornea matching 
surface 40b, an annular concave surface 40c, another annular 
concave surface 40d and a central circular concave surface 
40e. Surfaces 40c, 40d, and 40e correspond to distant vision 
correction zone 2g, intermediate distance correction zone 2h 
and near vision correction zone 2f , respectively. The radius 
of curvature of distant vision surface 40c is smaller than the 
radius of curvature of intermediate distance surface 4 Od which 
in turn is smaller than the radius of curvature of near vision 
surface 40e. Surface 40e may contact (via an intermediate 
tear layer) the cornea of the respective eye, while surfaces 
40c and 40d are spaced from the cornea by a tear reservoir, 
formed upon application of the respective contact lens to the 
patient's eye, or by a polymeric, preferably gas permeable 
material. The precise curvatures of the concave surfaces 40c 
and 40d will vary in accordance with whether the intervening 
polymeric layer is included. 

As depicted in Fig. 41, contact lens 8a may be pro- 
vided on a posterior side 41a with an annular peripheral 
cornea matching surface 41b, an upper concave surface 41c, a 
middle concave surface 4 Id and a lower concave surface 41e. 
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Surfaces 41c, 4 Id and 4le respectively correspond to distant 
vision correction zone 8c, intermediate distance correction 
zone 8e and near vision correction zone 8d. Distant vision 
surface 41c has a radius of curvature smaller than the radius 
of curvature of intermediate distance surface 41d which is in 
turn smaller than the radius of curvature of lens surface 41e. 

Fig. 42 illustrates a cross-sectional view of lens 
15b. On a posterior side 42a, lens 15b is formed with an 
annular cornea matching surface 42b, an upper concave surface 
42c, a centrally located circular concave surface 42d and a 
lower concave surface 42e. Surfaces 42c, 42d and 42e form 
intermediate distance correction zone 15f , near vision correc- 
tion zone 15h and distant vision correction zone 15g, respec- 
tively. Upper and lower surfaces 42c and 42e extend horizon- 
tally across the lens and have radii of curvature smaller than 
the radius of curvature of surface 42d. The radius of curva- 
ture of surface 42e is smaller than the radius of curvature of 
surface 42c. 

Drawing figures 43 through 67 illustrate pairs of 
corneal contact lenses with members having multiple correction 
zones which differ in configuration from one to the other to 
provide a modified monovision correction for presbyopia. One 
member of each pair is intended for one eye of a patient, 
while the other member is intended for the other eye. 

Figs. 43 through 52 all illustrate multifocal con- 
tact lenses wherein one lens has two distant vision correction 
zones of essentially the same focal length separated by 
another, auxiliary correction zone of a different focal 
length. The other contact lens has two near vision correction 
zones of essentially a common focal length separated by 
another, auxiliary correction zone of a focal length different 
from the common focal length of the two near vision correcti n 
zones. 

It is to be noted that, for purposes of simplifying 
the drawing, the plan views of Figs. 43 through 56 and 61 
through 67 have omitted a representation of an annular 
peripheral cornea matching zone included in each lens pursuant 
to conventional lens design. These corneal matching areas are 
shown in the cross-sectional views of Figs. 57 through 60. 
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Fig. 43 shows a distant vision contact lens 43a and 
a near vision contact lens 43b. Lens 43a has a circular dis- 
tant vision (D) correction zone 43c preferably, but not neces- 
sarily, located at the geometric center of the lens and an 
annular distant vision correction zone 43d at the outer 
periphery of the lens. Distant vision correction zones 43c 
and 43d have the same focal length and are separated by a near 
vision (N) correction zone 43e. Lens 43b has a circular, 
innermost near vision correction zone 43 f and an annular, out- 
ermost near vision correction zone 43g of a common focal 
length, separated by a distant vision correction zone 43h. 

Fig. 44 also shows a distant vision contact lens 44a 
and a near vision contact lens 44b. Lens 44a has a circular 
distant vision correction zone 44c preferably, but not neces- 
sarily, located at the geometric center of the lens and an 
annular distant vision correction zone 44d at the outer 
periphery of the lens. Distant vision correction zones 44c 
arid 44d have the same focal length and are separated by an 
intermediate distance correction zone 44e. The other lens 44b 
has a circular, innermost near vision correction zone 44 f and 
an annular, outermost near vision correction zone 44g of a 
common focal length, separated by an auxiliary correction zone 
in the form of an annular intermediate distance correction 
zone 44h. 

As depicted in Fig. 45, a first contact lens 45a 
includes a circular innermost correction zone 45c and an 
annular outer correction zone 45d separated by an annular 
auxiliary correction zone 45e. Correction zones 45c and 45d 
are distant vision correction zones, while middle zone 45e is 
an intermediate-distant vision (ID) correction zone with a 
focal length which would be longer than the focal length of an 
intermediate distance correction zone 44e (Fig. 44) for the 
same eye of the same patient. Accordingly, the focal length 
of intermediate-distant correction zone 45e can be considered 
closer to the focal length of zones 45c and 45d than the focal 
length of intermediate distance correction zone 44e is to the ' 
focal length of zones 44c and 44d. 

The other contact lens 45b of the pair of Fig. 45 
includ s a circular innermost correction zone 45f and an 
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annular outer correction zone 45g separated by an annular 
auxiliary correction zone 45h. Correction zones 45f and 45g 
are near vision correction zones, while middle zone 45h is an 
intermediate-near vision (IN) correction zone with a focal 
length which would be shorter than the focal length of an 
intermediate distance correction zone 44h (Fig. 44) for the 
same eye of the same patient. Thus, the focal length of 
intermediate-near vision correction zone 45h is generally 
closer to the focal length of zones 45f and 45g than the focal 
length of intermediate distance correction zone 44h is to the 
focal length of zones 44f and 44g. 

Preferably, the inner, circular correction zones 
43c, 43f, 44c, 44f and 45c, 45f of the lenses shown in Figs. 
43 through 45 each have an area equal to approximately two- 
thirds of a minimum area subtended by the respective pupil of 
the patient. This area distribution is believed to optimally 
minimize blurring during periods of high illumination. 

During periods of low illumination (e.g., night 
driving) , visual acuity in distant vision contact lens 43a, 
44a or 45a is ensurable, provided that the respective inner 
distant vision correction zone 43c, 44c or 45c of each lens 
43a, 44a or 45a and a portion of the respective outer distant 
vision correction zone 43d, 44d or 45d coextensive with the 
pupil of the respective eye in a maximally opened state of 
such pupil together cover an area equal approximately to at 
least two^-thirds of the area subtended by the pupil in the 
maximally opened state. Similarly, visual acuity may be maxi- 
mized in the near vision contact lenses 43b, 44b and 45b, pro- 
vided that the respective inner near vision correction zone 
43f, 44f or 45f and a portion of the respective outer near 
vision correction zone 43g, 44g or 45g coextensive with the 
pupil of the respective eye in a maximally opened state of 
such pupil together also covers an area equal approximately to 
at least two-thirds of a maximum area subtended by the respec- 
tive pupil in its maximally opened state. 

It is to be noted that each distant vision contact 
lens 43a, 44a and 45a may be viewed as having a single distant 
vision correction zone interrupted by a narrow annular 
auxiliary correction zone 43e, 44e r 45e. Similarly, each 
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near vision contact lens 43b, 44b and 45b may be viewed as 
having a single near vision correction zone interrupted by a 
narrow annular auxiliary correction zone 43h, 44h or 45h. The 
center circular zone of each lens 43a, 44a, 45a, 43b, 44b and 
45b may have a diameter (in plan view of the respective lens) 
between 6 and 8 millimeters, an annular middle correction zone 
43e, 44e, 45e, 43h, 44h or 45h approximately three-quarters of 
a millimeter in width, and an annular outer correction zone 
43d, 44d, 45d, 43g, 44g or 45g on. the order of two millimeters 
in width. In addition, each contact lens has an annular outer 
periphery or skirt (not illustrated in any of the plan views, 
but see Figs. 57 through 60) having no corrective function, 
but serving to seat the respective lens on the corneal sur- 
face. 

As illustrated in Fig. 46, one contact lens 46a has 
a circular innermost correction zone 46c separated from an 
annular outermost correction zone 46d by three annular middle 
correction zones 46e, 46f and 46g. Innermost and outermost 
zones 46c and 46d are distant vision correction zones, while 
annular middle zones 46e and 46g are intermediate-distant 
vision correction zones and middle zone 46f is a true inter- 
mediate distance correction zone. Thus, the focal length of 
middle zone 46f is generally shorter than the focal length of 
middle zones 46e and 46g. 

Similarly, second contact lens 46b of the pair shown 
in Fig. 46 has a circular innermost correction zone 46h sepa- 
rated from an annular outermost correction zone 46i by three 
annular middle correction zones 46j, 46k and 46m. Innermost 
and outermost zones 46h and 46i are near vision correction 
zones, while annular middle zones 46 j and 46m are 
intermediate-near vision correction zones and middle zone 46k 
is a true intermediate distance correction zone, the focal 
length of middle zone 46k being longer than the focal length 
of middle zones 46 j and 46m. 

Intermediate-distant vision correction zones 46e and 
46g of contact lens 46a have a first common focal length, and 
intermediate-near vision correction zones 46 j and 46m of con- 
tact lens 46b have a second common focal length. Preferably, 
the middle correction zon s 46e, 46f, 46g, 46j, 46k and 46m 
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have a radial dimension or width substantially thinner than 
the radial dimension of outer correction zones 46d and 46i or 
the radii of inner correction zones 46c and 46h. The mag- 
nitudes of the focal lengths of intermediate distance correc- 
tion zones 46f and 46k depend, like the focal lengths of the 
other zones of the two contact lenses, on the prescription 
requirements of the individual patient. Thus, the focal 
lengths of the various distance correction zones, for example, 
the intermediate distance correction zones or the distant 
vision correction zones, will be the same for the two eyes 
only if the eyes require the same focal correction in the 
intermediate and long distance ranges. 

As illustrated in Fig. 47, one contact lens 47a has 
a circular innermost correction zone 47c separated from an 
annular outermost correction zone 47d by three annular middle 
correction zones 47e, 47f and 47g. Innermost and outermost 
zones 47c and 47d are distant vision correction zones, while 
annular middle zones 47e and 47g are intermediate distance 
correction zones and middle zone 47f is a near vision correc- 
tion zone . 

Similarly, second contact lens 47b of the pair shown 
in Fig. 47 has a circular innermost correction zone 47h sepa- 
rated from an annular outermost correction zone 47i by three 
annular middle correction zones 47 j , 47k and 47m. Innermost 
and outermost zones 47h and 47i are near vision correction 
zones, while annular middle zones 47 j and 47m are intermediate 
distance correction zones and middle zone 47k is a distant 
vision correction zone. The focal length of middle zone 47k 
may or may not be substantially equal to the focal length of 
distant vision correction zones 47c and 47d of lens 47a, 
depending on the corrections required for the patient's eyes. 

Generally, intermediate distance correction zones 
47e and 47g have a first common focal length, intermediate 
distance correction zone 47j and 47m have a second common 
focal length, distant vision correction zones 47c and 47d have 
a third common focal length, and near vision correction zones 
47h and 47i have a fourth common focal length. In addition, 
near vision correction zones 47f and 47k have their wn 
respective focal lengths. Preferably, to minimize blurring 
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and therefore optimize visual acuity, the middle correction 
zones 47e, 47f, 47g, 47 j, 47k and 47m have a radial dimension 
or width substantially thinner than the radial dimension of 
outer correction zones 47d and 47i or the radii of inner cor- 
rection zones 47c and 47h. 

As depicted in Fig. 48, another pair of contact 
lenses includes a first lens 48a with two D-shaped distant 
vision correction zones 48c and 48d separated by a strip- 
shaped near vision correction zone 48e. A second lens 48b 
comprises two D-shaped near vision correction zones 48f and 
48g separated by a strip-shaped distant vision correction zone 
48h. 

As shown in Fig- 49, yet another pair of contact 
lenses includes a first lens 49a with two D-shaped distant 
vision correction zones 49c and 49d separated by a strip- 
shaped intermediate distance correction zone 49e. A second 
lens 49b comprises two D-shaped near vision correction zones 
49f and 49g separated by a strip-shaped intermediate distance 
correction zone 49h. Distant vision correction zones 49c and 
49d have a common focal length and near vision correction 
zones 49 f and 49g also have a common focal length. 

Fig. 50 illustrates two contact lenses 50a and 50b 
having D-shaped distant vision correction zones 50c and 50d, 
D-shaped near vision correction zones 50f and 50g, a strip- 
shaped intermediate-distant vision correction zone 50e between 
D-shaped zones 50c and 50d, and a strip-shaped intermediate- 
near vision correction zone 50h between D-shaped zones 50f and 
50g. As described hereinabove, the focal lengths of 
intermediate-distant vision correction zone 50e and 
intermediate-near vision correction zone 50h are respectively 
longer and shorter than the focal length of a true inter- 
mediate distance correction zone would be and accordingly are 
closer in value to the focal lengths of distant vision correc- 
tion zones 50c and 50d and near vision correction zones 50f 
and 50g, respectively. 

Fig. 51 is an illustration of a first contact lens 
51a having two substantially D-shap d correction zones 51c and 
51d and three substantially strip-shaped c rrection zones 51e, 
5 If and 51g between D-shaped zones 51c and 5 Id. A second con- 
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tact lens of the pair includes two substantially D-shaped c r- 
rection zones 51h and Sli and three substantially strip-shaped 
correction zones 51 j , 51k and 51a between D-shaped zones 51h 
and 51i. 

Zones 51e and 51g are intermediate-distant vision 
correction zones, while zones 51 j and 51m are intermediate- 
near vision correction zones. Middle zones 51f and 51k are 
intermediate distance correction zones. Middle zone 5lf has a 
focal length less in value than a focal length of 
intermediate-distant vision correction zones 51e and 51g, 
while middle zone 51k has a focal' length greater in value than 
a common focal length of intermediate-near vision correction 
zones 51j and 51m. Accordingly, the preferably identical 
focal lengths of intermediate-distant vision correction zones 
51e and 5lg are closer in value than the focal length of 
intermediate distance correction zone 5 If to the preferably 
common focal lengths of distant vision correction zones 5lc 
and 51d. Similarly, the preferably identical focal lengths of 
intermediate-near vision correction zones 51 j and 51m are 
closer in value than the focal length of intermediate distance 
correction zone 51k to the preferably common focal lengths f 
near vision correction zones 51h and 5li. 

Fig. 52 shows a corneal contact lens pair including 
a first lens 52a having two substantially D-shaped correction 
zones 52c and 52d and three substantially strip-shaped correc- 
tion zones 52e, 52f and 52g between D-shaped zones 52c and 
52d. A second lens of the pair includes two substantially D- 
shaped correction zones 52h and 52i and three substantially 
strip-shaped correction zones 52 j, 52k and 52m between D- 
shaped zones 52h and 52i. 

Zones 52e and 52g are all intermediate distance cor- 
rection zones having the same focal length. Likewise, zones 
52j - and 52m are intermediate distance correction zones having 
a common focal length. Middle zones 52f and 52k constitute a 
near vision correction zone and a distant vision correction 
zone, respectively. 

As depicted in Fig. 53, a first contact lens 53a of 
a pair of multifocal corneal contact lenses includes three 
correction zones 53c, 53d and 53e arranged in a concentric 
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configuration* Innermost correction zone 53c is a circular 
distant vision correction zone, while outer zone 53d is an 
annular distant vision correction zone* Zone 53e is an 
annular intermediate distance correction zone separating the 
two distant vision correction zones 53c and 53d. The second 
contact lens 53b of the pair shown in Fig* 53 includes two D- 
shaped correction zones 53 f and 53g flanking a substantially 
strip-shaped middle correction zone 53h. D-shaped zones 53f 
and 53g are near vision correction zones, while middle zone 
53h is an intermediate distance correction zone. Zones 53e 
and 53h have essentially respective focal lengths which may be 
more or less equal to one another , depending on the prescrip- 
tions of a patient's eyes. Distant vision correction zones 
53c and 53d have a common focal length larger in value than 
the focal length of intermediate distance correction zone 53 e. 
Likewise, near vision correction zones 53f and 53g have the 
same focal length which is less than the focal length of 
intermediate distance correction zone 53h. 

As depicted in Fig. 54, a first contact lens 54a of 
a pair of multifocal corneal contact lenses includes two D- 
shaped correction zones 54c and 54d flanking a substantially 
strip-shaped middle correction zone 54e. D-shaped zones 54c 
and 54d are distant vision correction zones, while middle zone 
54 e is a near vision correction zone. Preferably, zones 54c 
and 54d have essentially the same focal length. 

The second contact lens 54b of the pair shown in 
Fig. 54 includes three correction zones 54 f, 54g and 54h 
arranged in a concentric configuration. Innermost correction 
zone 54 f is a circular near vision correction zone, while 
outer zone 54h is an annular near vision correction zone. 
Zone 54g is an annular distant vision correction zone separat- 
ing the two near vision correction zones 54 f and 54h. 

Fig. 55 is a rendering of a pair of multifocal 
corneal contact lenses 55a and 55b identical to lens 44a and 
61a, respectively. Accordingly, lens 55a has a circular dis- 
tant vision correction zone 55c preferably, but not neces- 
sarily, located at the geometric cent r of the lens and an 
annular distant vision correcti n zone 55d at the outer 
periphery of the lens. Distant vision correction zon s 55c 
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and 55d have the same focal length and are separated by an 
intermediate distance correction zone 55e. In addition, lens 
55b has a D-shaped distant vision correction zone 55f disposed 
above a D-shaped near vision correction zone 27g. 

Fig. 56 shows a distant vision contact lens 56a and 
a near vision contact lens 56b. Lens 56a has a circular dis- 
tant vision correction zone 56c preferably, but not neces- 
sarily, located at the geometric center of the lens and an 
annular distant vision correction zone 56d at the outer 
periphery of the lens. Distant vision correction zones 56c 
and 56d have the same focal length and are separated by an 
intermediate distance correction zone 56e. The other lens 56b 
includes a pair of D-shaped correction zones 56f and 56g. 
Upper zone 56f is an intermediate distance correction zone, 
while lower correction zone 56g is a near vision correction 
zone. 

The contact lenses of the instant invention can be 
made of any conventional contact lens material. Such 
materials are polymeric compositions including, but not 
limited to, soft lens and hard lens materials, gas permeable 
polymers, and, more particularly, ethyl methacrylates and 
silicone acrylates. 

The contact lenses of the instant invention are 
manufactured preferably by a molding technique, optionally 
with subsequent machining and polishing, to form recesses on 
the posterior (cornea facing) sides of- the lenses for produc- 
ing the various correction zones. 

As illustrated in Fig. 57, lens 44a of Fig. 44 may 
be provided on a posterior side 57a with an annular cornea 
matching peripheral surface 57b, a first annular concave sur- 
face 57c, a second annular concave surface 57d, and a substan- 
tially hemispherical or circular concave surface 57e. Sur- 
faces 57c, 57d and 57e correspond to distant vision correction 
zone 44d, intermediate distance correction zone 44e and dis- 
tant vision correction zone 44c of lens 44a, respectively. 
The radii of curvature of surfaces 57c and 57e are essentially 
equal, while the radius of curvature of middle concave surface 
57d is greater than the radius of curvature of surfaces 57c 
and 57e. The radii f curvature of the vision correction zone 
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surfaces 57c, 57d and 57e are all less than the radius (or 
radii) of curvature of cornea matching surface (s) 57b, The 
radii of curvature are predetermined so that, together with a 
tear reservoir which will be formed between the lens and the 
eye. surface upon application of the lens to the eye, the par- 
ticular prescription of a patient is satisfied. 

Alternatively, the recess defined by concave sur- 
faces 57c, 57d and 57e may be filled with an appropriate gas 
permeable synthetic resin material. In that case, the radii 
of curvature of the surfaces 57c, 57d and 57e is modified to 
achieve the same prescription. 

Similarly, as depicted in Fig. 58, lens 44b may be 
provided on a posterior side 58a with an annular cornea match- 
ing peripheral surface 58b, an annular concave surface 58c and 
a circular, inner concave surface 58d. Surface 58c cor- 
responds to intermediate distance correction zone 44h (Fig. 
44) and has a radius of curvature which is smaller than the 
radius of curvature of inner concave surface 58d, which cor- 
responds to near vision correction zone 44c, and smaller than 
the radius of curvature of cornea matching surface 58b. 

As shown in Fig. 59, lens 4a may be provided on a 
posterior side 59a with an annular cornea matching peripheral 
surface 59b, a first annular concave surface 59c, a second 
annular concave surface 59d, a third annular concave surface 
59e, a fourth annular concave surface 59f and a circular, 
inner concave surface 59g. Surfaces 59c, 59d, 59e, 59f and 
59g respectively correspond to distant vision correction zone 
46d,' intermediate-distant vision correction zone 46g, inter- 
mediate distance correction zone 46f , intermediate-distant 
vision correction zone 46e and distant vision correction zon 
46c of lens 46a. Surfaces 59c and 59g have a common radius of 
curvature smaller than a common radius of curvature of sur- 
faces 59d and 59f, which in turn is smaller than a radius of 
curvature defining surface 59e. The radii of curvature of 
all the correction zone surfaces 59c through 59g are smaller 
than the radii of curvature of cornea matching surface (s) 59b. 
As s t f rth hereinab ve, the radii of curvatur of surfaces 
59c through 59g will change if th recess defined by the sur- 
faces is filled with one or several gas permeable synthetic 
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resin materials. 

As shown in Fig. 60, contact lens 46b may be pro- 
vided on a posterior side 60a with an annular cornea matching 
peripheral surface 60b, a first annular concave surface 60c, a 
second annular concave surface 60d, a third annular concav 
surface 60e, and a circular, inner concave surface 60f. Sur- 
faces 60c, 60d, 60e and 60f correspond to intermediate-near 
vision correction zone 46m, intermediate distance correction 
zone 46k, intermediate-near vision correction zone 46j and 
near vision correction zone 46h, respectively. Surfaces 60c 
and 60e have a common radius of curvature larger than a radius 
of curvature of surface 60d and smaller than a radius of cur- 
vature of surface 60f . The radius of curvature of surface 60f 
equals the radius of curvature of an inner annular portion of 
cornea matching surface 60b which corresponds to near vision 
correction zone 46i. The radii of curvature of surfaces 60c 
through 6 Of will change if the recess defined by the surfaces 
is filled with one or several gas permeable synthetic resin 
materials . 

As illustrated in Fig. 61, a pair of monovision type 
corneal contact lenses including a distant vision contact lens 
61a and a near vision contact lens 61b in accordance with the 
present invention may be provided with respective circular 
arrays 6lc and 61d of small circular correction zones 61e and 
6 If having one or more focal lengths different from a charac- 
teristic focal length of the major portion of the respective 
lens. For example, circular zones 61e and 61f may all con- 
stitute intermediate distance correction zones having a comm n 
focal length. Alternatively, circular zones 61e of lens 61a 
may be intermediate-distant vision correction zones, while 
circular correction zones 61f may be near vision correction 
zones, in accordance with yet another alternative, only some 
of the small circular zones of each lens may be intermediate 
distance correction zones, in that case, the other small cir- 
cular zones in lens 61a may be near vision correction zones or 
intermediate-distant vision correction zones, while the other 
small circular zones in lens 61b may be distant visi n correc- 
tion zones or intermediate-near vision correction zones. 

A pair of mon vision type corneal contact lenses, 
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illustrated in Fig. 62, including a distant vision contact 
lens 62a and a near vision contact lens 62b in accordance with 
the present invention may be provided with respective circular 
arrays 62c and 62d of small triangular correction zones 62e 
and 62 f having one or more focal lengths different from a 
characteristic focal length of the major portion of the 
respective lens. For example, triangular zones 62e and 62f 
may all constitute intermediate distance correction zones 
having a common focal length. Alternatively, triangular zones 
62e of lens 62a may be intermediate-distant vision correction 
zones, while triangular correction zones 62 f may be near 
vision correction zones. If only some of the small triangular 
zones of each lens are intermediate distance correction zon s, 
the other small triangular zones in lens 62a may be near 
vision correction zones or intermediate-distant vision correc- 
tion zones, while the other small triangular zones in lens 62b 
may be distant vision correction zones or intermediate-near 
vision correction zones. 

Fig. 63 depicts a distant vision contact lens 63a 
and a near vision contact lens 63b in accordance with the 
present invention. Lenses 63a and 63b may be provided with 
respective substantially circular arrays 63c and 63d of small 
crescent-shaped correction zones 63e and 63f having one or 
more focal lengths different from a characteristic focal 
length of the major portion of the respective lens. For exam- 
ple, crescent-shaped zones 63e and 63 f may all constitute 
intermediate distance correction zones having a common focal 
length. Alternatively, crescent-shaped zones 63e of lens 63a 
may be intermediate-distant vision correction zones, while 
crescent-shaped correction zones 63f may be near vision cor- 
rection zones. In accordance with yet another alternative, 
only some of the small crescent-shaped zones of each lens may 
be intermediate distance correction zones. In that case, the 
other small crescent-shaped zones in lens 63a may be near 
vision correction zones or intermediate-distant vision correc- 
tion zones, while the other small crescent-shaped zones in 
lens 63b may be distant vision correction zones or 
intermediate-near vision correction zones. 

As shown in Fig. 64, a distant vision lens 64a of a 
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pair of monovision corneal contact lenses includes a major 
portion 64c with a distant vision corrective focal length, and 
a- narrow, horizontally oriented correction zone 64d of a focal 
length different from the focal length of the major portion of 
the lens. A second lens 64b has a major portion 64e of a near 
vision focal length. The near vision lens is further provided 
With a narrow strip-shaped correction zone 64 f oriented 
horizontally and having a focal length different from the 
focal length of the major portion of the near vision lens. 
Both strip-shaped auxiliary correction zones 64d and 64f are 
disposed above a horizontal center line of the respective 
lenses. Alternatively, both could be disposed below the cen- 
ter line. Correction zones 64d and 64 f may both be inter- 
mediate distance correction zones. Or zone 64d may be an 
intermediate-distant vision correction zone or a near vision 
correction zone. Similarly, zone 64f could be an 
intermediate-near vision correction zone or a distant vision 
correction zone. 

Fig. 65 shows another' pair of monovision type 
corneal contact lenses. A distant vision contact lens 65a is 
identical to lens 65a and thus includes a major portion 65c 
with a distant vision corrective focal length, and a narrow, 
horizontally oriented correction zone 65d of a focal length 
different from the focal length of the major portion of the 
lens. A near vision lens 65b has a major portion 65e of a 
near vision focal length. The near vision lens is further 
provided with a narrow strip-shaped correction zone 65f 
oriented horizontally and having a focal length different from 
the focal length of the major portion of the near vision lens. 
Strip-shaped auxiliary correction zone 65d is disposed above a 
horizontal center line of the respective lens 65a, while 
strip-shaped zone 65f is disposed below the horizontal axis of 
symmetry of lens 65b. Correction zones 65d and 65f may both 
be intermediate distance correction zones. Or zone 65d may be 
an intermediate-distant vision correction zone or a near 
vision correction zone. Similarly, zone 65f could be an 
intermediate-near vision correction zone or a distant vision 
correction zone. 

Fig. 66 illustrates yet another pair f mon vision 
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type corneal contact lenses. A distant vision contact lens 
66a includes a major portion 66c with a distant vision correc- 
tive focal length, and a thin, crescent-shaped substantially 
horizontally oriented correction zone 66d of a focal length 
different from the focal length of the major portion of the 
lens. A near vision lens 66b has a major portion 66e of a 
near vision focal length. The near vision lens is further 
provided with a thin crescent-shaped correction zone 66 f 
oriented horizontally and having a focal length different from 
the focal length of the major portion of the near vision lens. 
Auxiliary correction zone 66d is disposed above a horizontal 
center line of the respective lens 66a , while zone 66f is dis- 
posed below the horizontal axis of symmetry of lens 66b. Cor- 
rection zones 66d and 66f may both be intermediate distance 
correction zones. Or zone 66d may be an intermediate-distant 
vision correction zone or a near vision correction zone. 
Similarly, zone 66f could be an intermediate-near vision cor- 
rection zone or a distant vision correction zone. 

Fig. 67 shows two monovision lenses 67a and 67b with 
major correction zones 67c and 67e, respectively, and 
crescent-shaped auxiliary correction zones 67d and 67 f having 
locations, sizes and orientations similar to the locations, 
sizes and orientations of zones 64d and 64f in Fig. 64. 

It is to be noted that the essential feature of all 
the monovision lenses illustrated in Figs. 61 through 67 and 
of other generally monovision type correction lenses described 
herein is that the portion of the principal correction zone or 
zones (either distant vision or near vision correction) coex- 
tensive with the pupil of the respective eye covers more than 
approximately two- thirds (more preferably seventy-five percent 
and most preferably eighty percent) of the area of the pupil. 
The concomitant upper limit (33%, 25%, 20%) on the pupil area 
covered by the auxiliary zones is satisfied regardless of the 
disposition of the respective contact lens on the eye and 
regardless of the size of the respective pupil. This 
proportionate coverage of the pupil minimizes blurring, while 
enabling auxiliary vision correction (usually intermediate) in 
ach substantially monovision contact lens. 

Although the invention has been described in terms 
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of -particular embodiments and applications, one of ordinary 
skill in the art, in light of this teaching, can generate 
additional embodiments and modifications without departing 
from the spirit of or exceeding the scope of the claimed 
invention. Accordingly, it is to be understood that the draw- 
ings and descriptions herein are prof erred by way of example 
to .facilitate comprehension of the invention and should not be 
construed to limit the scope thereof. 
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CLAIMS: 

1. A pair of corneal contact lenses, comprising: 

a first contact lens for one eye of a patient, said 
lens having a first distant vision correction zone and a sec- 
ond distant vision correction zone separated from one another 
by a first auxiliary correction zone, said first distant cor- 
rection zone and said second distant vision correction zone 
having a first common focal length, said auxiliary correction 
zone having a first additional focal length different from 
said common focal length; and 

a second contact lens for the other eye of the 
patient, said second contact lens having a first near vision 
correction zone and a second near vision correction zone sepa- 
rated from one another by a second auxiliary correction zone, 
said first distant correction zone and said second distant 
vision correction zone having a second common focal length, 
said second auxiliary correction zone having a second addi- 
tional focal length different from said second common focal 
length. 

2. The pair of contact lenses defined in claim 1 
wherein said first auxiliary correction zone and said second 
auxiliary correction zone are intermediate distance correction 
zones, 

3. The pair of contact lenses defined in claim 1 
wherein said first distant vision correction zone, said second 
distant vision correction zone and said first auxiliary cor- 
rection zone are concentric with each other and wherein said 
first near vision correction zone, said second near vision 
correction zone and said second auxiliary correction zone are 
concentric with each other. 

4. The pair of contact lenses defined in claim 1 
wherein said first distant vision correction zone, said second 
distant vision correction zone, said first near vision correc- 
tion zone and said s c nd near vision c rr cti n zone are all 
essentially D-shaped in plan view f said first contact lens 
and said second contact lens, respectively, said first 
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auxiliary correction zone and said second auxiliary correction 
zone being essentially strip shaped in plan view of said first 
contact lens and said second contact lens. 

5. A pair of corneal contact lenses, comprising: 

a first contact lens for one eye of a patient, said 
lens having a circular first correction zone, an annular sec- 
ond correction zone disposed concentrically around said first 
correction zone and an annular third correction zone con- 
centrically disposed around said second correction zone, said 
first correction zone and said second correction zone having a 
common focal length, said second correction zone having a 
focal length different from said common focal length; and 

a second contact lens for the other eye of the 
patient, said second contact lens having a fourth correction 
zone and a fifth correction zone, at least one of said fourth 
correction zone and said fifth correction zone being D shaped 
in a plan view of said second contact lens, one of said first 
correction zone and said one of said fourth correction zone 
and said fifth correction zone constituting a distant vision 
correction zone and the other of said first correction zone 
and said one of said fourth correction zone and said fifth 
correction zone constituting a near vision correction zone. 

6. A pair of monovision type corneal contact lenses, 
comprising: 

a distant vision contact lens for one eye of a 
patient, said lens having a distant vision correction zone 
extending throughout a major portion of said lens, said dis- 
tant vision correction zone having a first focal length, said 
lens having at least one first auxiliary correction zone with 
a second focal length different from said first focal length, 
a portion of said distant vision correction zone coextensive 
with the pupil of said one eye covering more than approxi- 
mately two-thirds of the area of the pupil of said one eye in 
essentially any operative disposition of said contact lens on * 
said eye and with essentially any size of said pupil; and 

a near vision contact lens for the other eye of the 
patient, said lens having a n ar vision correction zon 


BNSOOCID <WO 9103336A1_I_> 


WO 91/09336 PCT/US90/07229 

- 49 - 


extending throughout a major portion of said lens, said near 
vision correction zone having a third focal length, said lens 
having at least one second auxiliary correction zone with a 
fourth focal length different from said third focal length, a 
portion of said near vision correction zone coextensive with 
the pupil of said other eye covering more than approximately 
two-thirds of the area of the pupil of said other eye in 
essentially any operative disposition of said contact lens on 
said other eye and with essentially any size of the pupil of 
said other eye. 

7. The pair of contact lenses defined in claim 6 
wherein said first auxiliary correction zone and said second 
auxiliary correction zone are both annular. 

8. The pair of contact lenses defined in claim 6 
wherein said first auxiliary ; correction zone and said second 
auxiliary correction zone are both intermediate distance 
vision correction zones. 

9. A corneal contact lens having a first vision cor- 
rection zone with a first focal length and at least one second 
vision correction zone with a second focal length different 
from said first focal length, the lens having on an anterior 
side a continuous surface with essentially a single radius of 
curvature,, the lens being provided on a posterior side with a 
cornea matching surf ace extending annularly along a periphery 
of said lens, said posterior side being further formed with a 
first concave surface having a first radius of curvature smal- 
ler than any radius of curvature of said cornea matching sur- 
face, said concave surface being radially spaced from a geom- 
etric center of said lens, said posterior side being formed 
with a second concave surface spaced from said cornea matching 
surface and having a second radius of curvature different from 
said first radius of curvature. 

10. The contact lenses defined in claim 9 wh rein 
said first concave surface is annular. 
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11. The contact lenses defined in claim 9 wherein 
said first concave surface corresponds to an intermediate dis- 
tance correction zone of the lens. 

12. The contact lenses defined in claim 10 wherein 
said first concave surface is spaced from said cornea matching 
surface. 

13. A pair of corneal contact lenses , comprising: 

a first contact lens for one eye of a patient, said 
lens having a circular distant vision correction zone and an 
annular first auxiliary correction zone surrounding said dis- 
tant vision correction zone, said distant vision correction 
zone having a first focal length, said auxiliary correction 
zone having a second focal length different from said first 
focal length; and 

a second contact lens for the other eye of the 
patient, said second contact lens having a circular near 
vision correction zone and ah annular second auxiliary correc- 
tion zone surrounding said near vision correction zone, said 
near vision correction zone having a third focal length, said 
second auxiliary correction zone having a fourth focal length 
different from said third focal length, one of said first con- 
tact lens and said second contact lens having an annular third 
auxilary correction zone surrounding the respective one of 
said first auxiliary correction zone and said second auxiliary 
correction zone, said third auxiliary correction zone having a 
focal length substantially the same as the focal length of the 
circular correction zone of said one of said said first con- 
tact lens and said second contact lens. 

14. The pair of contact lenses defined in claim 13 
wherein said first auxiliary correction zone and said second 
auxiliary correction zone are intermediate distance correction 
zones. 


15. A pair of multifocal corneal contact lenses, 
comprising: 

a first contact lens for one eye f a patient, said 

lens having a first distant vision correction zone and a first 
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near vision correction zone; and 

a second contact lens for the other eye of the 
patient, said second contact lens having a first correction 
zone and a second correction zone, said first correction zone 
corresponding at least generally in shape and location to said 
distant vision correction zone of said first contact lens, 
said second correction zone corresponding at least generally 
in shape and location to said near vision correction zone of 
said first contact lens, said first correction zone constitut- 
ing a second near vision correction zone and said second cor- 
rection zone constituting a second distant vision correction 
zone, at least one of said first contact lens and said second 
contact lens having an intermediate distance correction zone 
separating the distant vision correction zone from the respec- 
tive near vision correction zone of said one of said first 
contact lens and said second contact lens. 

16. The pair of contact lenses defined in claim 15 
wherein said first distant vision correction zone occupies a 
circular area and said first near vision correction zone 
occupies an annular area disposed about said first distant 
vision correction zone, said second near vision correction 
zone occupying a circular area and said second distant vision 
correction zone occupying an annular area disposed about said 
second near vision correction zone. 

17. The pair of contact lenses defined in claim 15 
wherein said first distant vision correction zone, said first 
near vision correction zone, said second distant vision cor- 
rection zone, and said second near vision correction zone are 
all substantially D-shaped in plan view of said first contact 
lens and said second contact lens. 

18. A pair of multifocal corneal contact lenses, 
comprising: 

a first contact lens for one eye of a patient, said 
lens having a distant vision correction zone, a near vision 
correction zone and an intermediate distance correction zone; 
and 
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a second contact lens for the other eye of the 
patient, said second contact lens having a first correction 
zone, a second correction zone and a third correction zone, 
said first correction zone corresponding generally in shape 
and location to said distant vision correction zone of said 
first contact lens, said second correction zone corresponding 
generally in shape and location to said near vision correction 
zone of said first contact lens, said third correction zone 
corresponding generally in shape and location to said inter- 
mediate distance correction zone of said first contact lens, 
one of said first correction zone, said second correction zone 
and said third correction zone having a focal length lying in 
the same focal range as the focal length of the corresponding 
zone of said first contact lens, the other two of said first 
correction zone, said second correction zone and said third 
correction zone each having a focal length lying in the same 
focal range as the one of the remaining two zones of said 
first contact lens having a size and location therein dif- 
ferent from the size and location of the respective correcti n 
zone in said second contact lens, whereby said other two of 
said first correction zone, s^id second correction zone and 
said third correction zone are switched in location with 
respect to said first contact lens. 

19 . The pair of contact lenses defined in claim 18 
wherein said distant vision correction zone, said near vision 
correction zone and said intermediate distance correction zone 
are all concentric with respect to each other, said first c r- 
rection zone, said second correction zone and said third cor- 
rection zone all being concentric with respect to each other* 

20. The pair of contact lenses defined in claim 18 
wherein two of said distant vision correction zone, said near 
vision correction zone and said intermediate distance correc- 
tion zone and two of said first correction zone, said second 
correction zone and said third correction zone are essentially 
D-shaped in plan view of said first contact lens and said sec- 
ond contact lens. 
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21. A pair of multifocal corneal contact lenses, 
comprising: 

a first contact lens for one eye of a patient , said 
lens having a first correction zone and a second correction 
zone concentrically disposed with respect to one another, said 
first correction zone being circular and said second correc- 
tion zone being annular in plan view of said first contact 
lens, said first correction zone constituting a distant vision 
correction zone and said second correction zone constituting a 
near vision correction zone; and 

a second contact lens for the other eye of the 
patient, said second contact lens having a third correction 
zone and a fourth correction zone concentrically disposed with 
respect to one another, said third correction zone being cir- 
cular and said fourth correction zone being annular in plan 
view of said second contact lens, said third correction zone 
constituting a near vision correction zone and said fourth 
correction zone constituting a distant vision correction zone, 

wherein said first correction zone and said third 
correction zone each have an area equal to at least approxi- 
mately two-thirds of a minimum area subtended by the respec- 
tive pupil of the patient. 

22. The pair of contact lenses defined in claim 21 
wherein a portion of said second correction zone and a portion 
of said fourth correction zone coextensive with the pupil of 
the respective eye in a maximally opened state of such pupil 
each cover an area equal approximately to at least two-thirds 
of the area subtended by the respective pupil in said maxi- 
mally opened state* 

23. A pair of multifocal corneal contact lenses, 
comprising: 

a first contact lens for one eye of a patient, said 
lens having a circular first correction zone, an annular sec- 
ond correction zone disposed concentrically around said first 
correction z ne and an annular third correction zone con- 
centrically disposed around said sec nd correction z ne, one 
of said first correction zone, said second correction zone and 
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said third correction zone constituting a distant vision cor- 
rection zone, another of said first correction zone, said sec- 
ond correction zone and said third correction zone constitut- 
ing a near vision correction zone, and yet another of said 
first correction zone, said second correction zone and said 
third correction zone constituting an intermediate distance 
correction zone; and 

a second contact lens for the other eye of the 
patient, said second contact lens having a fourth correction 
zone and a fifth correction zone, one of said fourth correc- 
tion zone and said fifth correction zone constituting a dis- 
tant vision correction zone and the other of said fourth cor- 
rection zone and said fifth correction zone constituting a 
near vision correction zone, at least one of said fourth cor- 
rection zone and said fifth correction zone having a D shape 
in plan view of said second contact lens. 


24. A multifocal corneal contact lens comprising a 
circular first correction zone, a second correction zone dis- 
posed on one side of said first correction zone and a third 
correction zone disposed on a side of said first correction 
zone opposite said second zone, said second correction zone 
and said third correction zone being separated at a substan- 
tial center of the contact lens by said first correction zone 
and being adjacent one another along a substantially diametri- 
cally extending line on opposite sides of said first correc- 
tion zone, one of the three zones being a distant vision cor- 
rection zone, another of the three zones being a near vision 
correction zone and a remaining one of the three zones being 
an intermediate distance correction zone. 

25. A pair of multifocal corneal contact lenses, 
comprising: 

a first contact lens for one eye of a patient, said 
lens having a first correction zone and second correction 
zone, said first correction zone having a focal length in a 
first focal range and said second correction zone having a 
focal length in a second focal range; and 

a second contact lens for the ther eye of th 
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patient, said second contact lens having a third correction 
zone and a fourth correction zone, said third correction zone 
corresponding generally in size, shape and location to said 
first correction zone, said fourth correction zone correspond- 
ing generally in shape and location to said second correction 
zone, said third correction zone having a focal length in said 
second focal range and said fourth correction zone having a 
focal length in said first focal range, at least one of said 
first contact lens and said second contact lens having on an 
anterior side a continuous surface with essentially a single 
radius of curvature, said one of said first contact lens and 
said second contact lens being provided on a posterior side 
with a cornea matching surface extending annularly along a 
periphery of said lens, said posterior side being further 
formed with at least one concave surface having a radius of 
curvature smaller than any radius of curvature of said cornea 
matching surface, said concave surface being radially spaced 
from a geometric center of said lens. 

26. A pair of multifocal corneal contact lenses, 
comprising: 

a first contact lens for. one eye of a patient, said 
lens having a first correction zone and second correction 
zone, said first correction zone having a focal length in a 
first focal range and said second correction zone having a 
focal length in a second focal range; and 

a second contact lens for the other eye of the 
patient, said second contact lens having a third correction 
zbne and a fourth correction zone, said third correction zone 
and said fourth correction zone each having a geometric con- 
figuration different from said first correction zone and said 
second correction zone, said third correction zone having a 
focal length in a third focal range and said fourth correction 
zone having a focal length in a fourth focal range different 
from said third focal range, at least one of said first con- 
tact lens and said second contact lens having on an anterior 
side a continuous surface with ssentially a single radius of 
curvature, said n of said first contact lens and said second 
contact lens being provided on a p sterior si *e with a cornea 
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matching surface extending annularly along a periphery of said 
lens, said posterior side being further formed with at least 
one concave surface having a radius of curvature smaller than 
any radius of curvature of said cornea matching surface, said 
concave surface being spaced from a geometric center of said 
lens. 
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